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ABSTRACT The object of this effort was to determine the cost effectiveness
of co-firing RDF in existing Navy boilers. The cost-benefit analysis was ...

performed using the NCEL RDF Cost Model and site specific boiler and cost -

data acquired from four naval activities that were determined to have the
highest probability of successful co-firing. The cost effectiveness was
measured by the savings to investment ratio (SIR) and computed over a range
of cost and operating conditions to determine optimum RDF co-firing
scenarios for each facility. Based on present laid-down coal costs and solid

4 waste disposal charges, no set of operating conditions could be identified
-..'. wherein the use of either co-fired RDF-3 or RDF-5 could be economically .

justified. Volume I presents the report; Volume II contains appendixes, and . -
Volume Ill is the terminal manual of RDF cost model.
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The object of this effort was to determine the cost effectiveness
of co-firing ROF in existing Navy boilers. The cost-benefit
analysis was performed using the NCEL RDF Cost Model and sitePA
specific boiler and cost data acquired from four naval activities
that were determined to have the highest probability of success-
ful co-firing. The cost effectiveness was measured by the
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savings to investment ratio (SIR) and computed over a range of
cost and operating conditions to determine the optimum RDF
co-firing scenarios for each facility. Based on present laid-
down coal costs and solid waste disposal charges, no set of
operating conditions could be identified wherein the use of
either co-fired RDF-3 or RDF-5 could be economically justified.
Volute I presents the report; Volume II contains appendixes,
and Volume III is the terminal manual of RDF cost model.
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DEPARTMENT OF THE NAVY
NAVAL CIVIL ENGINEERING LABORATORY

PORT HIJENEME. CA 93043 IN REPLY REFER TO
3900
Ser L71/RMR RDF
24 October 1985

.'. .' .

From: Commanding Officer, Naval Civil Engineering Laboratory, LLJ
Port Hueneme, CA 93043

To: Commanding Officer, Naval Amphibious Base Little Creek,
PWD (Code N46), Norfolk, VA

Subj: INPUT DATA REQUIRED FOR COST/BENEFIT MODELLING OF i
RDF FUELS FOR COFIRING WITH COAL IN STOKER FURNACES

Ref: (a) NAVFAC Energy Project Work Unit Z0371-O1-421D/E
(b) Phonecon from NCEL R.M. Roberts to your office 24
OCT 85

Encl: (1) RDF/Coal Cofired Boiler Model Input Data
Questionnaire

1. Enclosure (1) is transmitted for your completion. It is
requested that the subject data be provided for use in reference
(a) as explained by reference (b).

2. It is expected that there may be some difficulty with some of
the model input information requested. Determination of the
limits of information availability is an important consideration
in the configuring of the RDF/Coal Cofired Boiler Model. We will
therefore be as interested in examining what data you can supply
us with as we will be in finding out what data you cannot. To
ensure that our questions are clear and properly structured, we
urge you to solicit as often as necessary the assistance of the
contractor who is responsible for the final design of the model.
He may be reached as follows:

Mr. Gary E. Smith
Systech Corporation
245 No. Valley Rd.
Xenia, OH 45385
(513) 372-8077 or ( 513) 429-2533

3. When you have completed the questionnaire, please mail it to
the contractor. If there are any administrative issues that need
attention, please contact me on A/V 360-4193, FTS 799-4193, or
comm' 1 (805) 982-4193. We will appreciate having your
questionnaire by 15 November 1985.

XL.1'I- .=•
\* V'.-

Richard M. Roberts
Chemical Engineer %-.

Code L71
.e"s.%i



ENCLOSURE (1)
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BO ILER # ______________ 7____

PRIMP WHTCT MA

"

TITLE 120 A <O

DESIGN FLEL INFORMATION ,

DESIGN TOTA FUEL VA.LLE TO BOILER AT NCR (MAXIMM CONTIMJS RATING) BTm/HR)

HIfI{R HFATING VALl OF DESIGN FUEL (BTUl-) .._ _ __ ./'. ,lJv f '

. FRArTIMo ASH CONTENT OF DESIGN FEL, As-RCIEVED ".?_.

FRACTIO L MOISTURE CONTINT OF DESIGN F "E

HYDROGEN MASS FRACTION OF AS-RCIE&ID DESIGN FUEL 3 6.___________,

SPECIFIC HFAT OF DESIGN FUEL JLA!3.,,, / .

DESI CARBIN LOSSES AS PERCENT OF MAXIMUM FUEL VALUE TO BOILER AT NCR ,,' ./ a ," ,

5!O RASIG I IATIO LOSSES AS PERCENT OF MAXIMUM FUEL ViLE TO BOILER AT R NCR_

DES:Gh T vDRA'TURE OF DESIGN FU' AT BOILER BOLNRY (DEG F)

DESIGN EICESS AIR REOUIRED FOR DESIGN FLL AT MCR 1)

.." %del

,
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SUR MASS ,:,CTION OF AS-RECD CURRENT FUE__L-' -'..-.-.

SPECIFC HET OF CURRENT FUE 1r, ' _C; ./:." --

CURRNT C90 LOSSES PERCENT OF MAXI FUE VALUE TO BOILER A .-.N.-CR.-.

CURRENT RADIATION LOSSES P CENT OF MAXIStM FUEL AILLE TO BOZIER AT ____,-_._- _____ -

TIMERA OF CiRRENr O URT F ILER BOUNDARY Ei F) 1. A.-".-

EXCESS AIR REOJIRED FOR CURRENT FUEL AT CR M

"Ali BOILER TURNWN O ACIEVD.E WITH CURRENT FUE M --- ?...

EXCESS AIR WCTRED FOR CURRENT FUEL AT NR PAXIKM TURNOWN _) 2.---7c,

BOILER PD E%, ,P 1N , 1OWA ION .'
% '%,,"

FOR T14 FL. IPE, 6VE THE WM.FACTURER, EIPNMEC DESCRIPTION AQ RATED CAPACITIES OR THROUGHPLrTS ,,..

FiTE sS7DO 01 -_ I- a

ASH WAX I N6S YSrEN

PILTICLONES OR r'YCLONS Alpi .. A/----

SC"tBERS_____*-4

* 4

ESP A/J# A 4, ,~~~-......
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PAGE 3-
...,

IS THE BOILER EEJIPPEI WITH.

91OTLWER FOR THE ONECTIYE

AiN ECONOMIZER .J2.'

SOOTBLOWERS FOR THE ECONIZER

"T TYPE OF ECONOMIZER niES) _ ,'1( ,Q

OPERATIONS INFORATION

AVAILABiLITY OF EXISTING BOILER FIRED WITH CURRENT RF. (1) " o _____

DOES ADEDUATE BACXP CAPABILITY EXIST -t

DOES BOILER HAE A HISTURY OF SLASING

FOR THE FOLLOWING, SUPPLY TEST REPORTS ON PARTICLLATE EMISSIONS CONPLIANCE OR BOILER EFFICIENCY TESTS IF AVAILABLE _

APPLICABLE PARTICL)J TE EMISSIONS STADARD _______ /__ '_____L

,s CULPARTIULLATE EMISSIONS_ _ _ _

SA TMEAUE(DES F) /O F

STA"X VOLUTRIC FLOW RATE (AM) Y/ ' 3 AC Ft1

AIR TEMP AT FO OR AIR-4EAYING INLET (DEG F) o /o/ 'F

PRE)+_T COKMSTION AIR TD; (DE F) . . 7_""

FUEL TEMP AT BOILER BOUNDRY (DES F) _________

BOTTOM A TENM AT BOILER BOUNDARY (DES F) "._-_,.

FLY ASH TEP AT BOILER OUNDARY (DE F) -_-.-_*..

iti



V.- ~ PA 4.* * . .. -

BASIC LKXEED OPERATOR WAERTE (S/HR) _____________________

UDENIME ON BAIC WE RATE, A NLTIPLIER____________________

COST OF COMIETIONAL RLEL ($/TON) r2-

COST OF ELECTRICITY (S/K*4) el), ~.

DISPOSAL COST FOR ASH (S/TON) _______

STEAM DEAW4 BY SH IFT BY SEASON BY DAY, AVERAGE HOLJJ..Y (BTUIHR)

SLO(R SHIFT I SHIFT 2 SHIFT 3

MON-FRI ~~~6' kb/

SAT__ _ _ __ _ __ _ _ _

SU

WINTER

SAT ___ / '~

SPRIN6 AND FAL

SSI

DISDOSA. COST FOR kINICIPAL1 SOLID WASTE OR BASE WASTE ($/TON)_______

16PROCE!7ED FVTULC DISPOSAL COST FOR kJhICIPAL SOLID WASTE OR BASE WASTE______ ______

- PROJECTED LIFE OF LOCAL LANDFILL(S) ___________

WM Of~RATION RATE OF BASE WASTES CTON/YR)__________

WEAP PHo( M4JKDR OF CONAT PERSON IN MRE OF:

WMIL WATE DISPOSAL. ACTIVITIES _______________POX I_______

- LOCAL. C.3"ITY OR COlI)4TY SOLID WASTE AUT"RITY NAM P~ ____________I~O ___
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DEPARTMENT OF THE NAVY
NAVAL CIVIL ENGINEERING LABORATORY

PORT HUENEME. CA 93043 IN REPLY REFER TO ,,. ,

3900 "'J
Set L7i/RMR RDF
24 October 1985 [ ]

From: Commanding Officer, Naval Civil Engineering Laboratory,
Port Hueneme, CA 93043

To: Commanding Officer, Puget Sound Naval Shipyard, PWD
(Code 53. 1), Bremerton, WA *..

Subj: INPUT DATA REQUIRED FOR COST/BENEFIT MODELLING OF
RDF FUELS FOR COFIRING WITH COAL IN STOKER FURNACES

Ref: (a) NAVFAC Energy Project Work Unit Z0371-O1-421D/E

(b) Phonecon from NCEL R.N. Roberts to your office 24
OCT 85

Encl: (1) RDF/Coal Cofired Boiler Model Input Data
Questionnaire

1. Enclosure (1) is transmitted for your completion. It is
requested that the subject data be provided for use in reference
(a) as explained by reference (b).

2. It is expected that there may be some difficulty with some of
the model input information requested. Determination of the
limits of information availability is an important consideration
in the configuring of the RDF/Coal Cofired Boiler Model. We will
therefore be as interested in examining what data you can supply .
us with as we will be in finding out what data you cannot. To
ensure that our questions are clear and properly structured, we
urge you to solicit as often as necessary the assistance of the :-,
contractor who is responsible for the final design of the model.
He may be reached as follows:

Mr. Gary E. Smith
Systech Corporation
245 No. Valley Rd.
Xenia, OH 45385
(513) 372-8077 or (513) 429-2533

3. When you have completed the questionnaire, please mail it to
the contractor. If there are any administrative issues that need
attention, please contact me on A/V 360-4193, FTS 799-4193, or
comm' 1 (805) 982-4193, We will appreciate having your
questionnaire by 15 November 1985.

'Richard M. Roberts
Chemical Engineer

Code L71
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L ENCLOSURE (1) .-

NAVAL .Uw-rET sw/._ A14/1i L /,E, - P. A

DLD # o

PRINARY CONTACT PERSOW 14 (K £4 u £ C

TITLE P'r i ec-r

.1 DESIGN FUEL. INFORMTION

DESIGN TTA FUEL VALLE Ta BOILER AT NCR (VAXIM COhNTINUOUS RATINS) (BTIJ/R) 1 72 x8.' /0 9 M7U/#Aj"3.

DESIGN FULTP coAL orqv 4.z 1

HIGHER HEATING VALUE OF DESIGN FUE (BTUILB) /O I gr14/ A' -

FRACTIONAL ASH CONTENT OF DESIGN FUEL, AS-RECIEVED

FRACTIOWL MOISTURE CONTENT OF DESIGN FUEL .

HYDROGEN WPM FRACTION OF AS-RECIEWD DESIGN FUEL 4-o 5~

SPECIFIC HEAT OF DESIGN FUE o z9o g-/s

DESIGN CARBON LOSSES AS PERCENT OF MAXIKM FUEL. VALUE TO BOILER AT NCR4-

*DESIGN RADIATION LOSSES AS PERCENT OF PlXIMU04 FUEL. VALLE TO BOILER AT NCR
DES:GN TEZE-RA(RE Y DESIGN FUE- AT BOILER BOJNDAR (DEG F)

DESIG ,

p.'

PRIN C TRT PESON ( N t E V /2.-. .. '
• ". =,p =

TIL r .' 1,, ~Y"'"
.. ...

S %"

P.N 4 ( ' '"
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jo Tr: TiS 5 17~' s/4' fet~: mI~
4 ;r uvpoe04'_.___,,-,-,_-_"___. 04) '.,4 4,,,,../,u v . ,.d

CURRENT FUEL INFORMATION ' LC "v c ce r,,, 9"

C U R E N T F U EL T Y PE, , .-

CURRENT FU.EL VALUE TO BOILER ATNCR_________177- 1 _______ l

IFOR THE FOLLOWING, SUPPLY FUE ANALYSIS REPORT IF AVAILABLE) _.

HIGHER HEATING VALUE OF CURRENT FUEL (BTU/LB) qz'm -12Z ceO _tA1

S FRACTIONAL ASH CONTENT OF CURRENT FUEL, AS-RECIEVED -

FRACTIONAL MOISTURE CONTENT OF CURRENT FUEL

HYDROGEN MASS FRACTION OF AS-RECD CURRENT FUEL..'8~.Z~e~

SULFUR MASS FRACTION OF AS-RECD CURRENT FUE2L --p n '.4 .

SPECIFIC HEAT OF CURRENT FIEL _9ZO6- IZZ6 1 r4e-

CURRENT CARBON LOSSES AS PERCENT OF MAXIMM FUEL VALUE TO BOILER AT NCR 4

CURRENT RADIATION LOSSES AS PERCENT OF MAXIM M FUEL VL[UE TO BOILER AT NCR "4/1"

TEM4PERATURE OF CURRENT FUEL AT BOILER BOUNIDARY ( DEG F) A

EXCESS AIR REOUIRED FOR CURRENT FUEL AT NCR 3%) " X6O/6  rA9e

MAXIN BOILER TURNDOlJN ACHIEVABLE WITH CURRENT FUEL (N) CO4L 47-' -c

EXCESS AIR REgUIRED FOR CURRENT FUEL AT NEAR MAXIMUM TURNDOWN (%) 0

BOILER AND EQUIPMENT INFORTION
• -4

FOR THf FOLLOWING, GIVE THE MAJFCTURER, EQUIPMENT DESCRIPTION AND RATED CAPACITIES OR THROUGHPIJTS

FULE FEED SYSTEM FouY I.t e A- V.., -1/eX ,-"z'er S/oo s 404" 1 1"1"

GRATE SYST-M RIe-A

ASH HANDLING SYSTEN Pa tt tL
4.....

M LTICL NES OR CYCLONES .. . .. ! V p!

- RUBBERS 7 1'~S/Fd 1 A ai L_ 7 J, 18L /r:

ESP
'4'""

'Zef~1 .9~L?.~LL4----84'4 GHOUSE ___c______

_L _ -- 4J4,4

" . - "" "" "." "-" " , "" ", ", -." "" . ". ",'" . .. , . - .' ,, . .." . . .. . - , -- , ." ," . ." ... . .
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IS THE BOILER ElUIPPED WITH

AN ID FA V0,006 _CFM

. OTMkERS FOR THE MWECTIW C y os zd 49 i/M. u 2  I.d PY

JN%.'I.,. WI EctINOIZER ,

SOo'BLOWERS FOR THE ECONIZER Y's Z'q Q ' )4$E ii/c /Xe".

"T TYPE OF ECONOMIZER TUBES? x _'S eL__.._LL --21 w.At'.

OPERATIONS INFDMATION

AVAILABILITY OF EXISTING BOILER FRED WITH CURRENT FUEL (%)

DOES ADEGIUATE BACKUP CAPABILITY EXIST 
am ..-,.7

DOES BOILER HAV A HISTURY OF LAG6INB ,_,___"'-_.

FOR THE FOLLOWING, SUPPLY TEST REPORTS ON PARTICULATE EMISSIONS COMPLIANCE OR BOILER EFFICIENCY TESTS IF AVAILABLE

APPLICABLE PARTICULATE EMISSzONS srwRD IPA , /,__ 3 P . p cLpP I .pte -r

ACTUA. PARTICULATE EMISSIONS .....- --!--

STAM TEMPERATURE (DES F) _ ------

srACIx VOL1WTRIC FLOW RATE (ACFM) /AZOt ,Cr-M

AIR TE, AT FD OR AIR-HEAT ING INLET (DEG F) - /"-

PREHEAT COMBUSTION AIR TEMP (DES F) _ _

FUEL TEMP AT BOILER BOUNDRY (DES F)

BOTTOM ASH TEMP AT BOILER BOUINDARY (DE6 F) ) -' o" "

FLY ASH TEMP AT BOILER BO1UNDARY (DES F) ?A-O __""-"

= '%

..'

x S A If ?A - z p4e? So%,lj/h A' po 114e ew ce-.~ of eA_)C.

Ai..

.

4. .
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ECONOMIC INFORMATION

BASIC WURDEOD OPERATOR WAGERATE ($/HR) .. __,_. ____ _.__,

RMING ON BASIC WAGE RATE, A K.LTIPIER

COST OF COPIVNTION.L FUEL (S/TON) r<7.-

COST OF ELECTRICITY ($/KWH) z2__ _ ..w.

DISPOSAL COST FOR ASH (S/TON) - J- .__._.,

STEAM DEMAND BY SHIFT BY SEASON BY DAY, AVERAGE HOURLY (BTU/HR)

SLWER SHIFT I SHIFT 2 SHIFT 3

MON-fRI_ _

SAT 0 6 ono___-.____.... ],...<,Y

WINTER

MO4-4RI R56_.o__ _/ N, '/:

SAT 4_L~

SUN ___ 6 . _0do _ i2Q Q , ," .

SPRING AND FALL

_O_ __ ____ •"

DISPOSAL COST FOR MIUNICIPL SOLID WASTE OR BASE WASTE ($/TON) .. - ...............

PROJECTED FUTURE DISPOSAL COST FOR MUNICIPAL SOLID WASTE OR BASE WASTE . ZS-o 7"-0 ,

PROJECTED LIFE OF LOCAL LANDFILL(S) /9 "'",

ANNlUAL GENERATION RATE OF BASE WASTES (TON/YR) 0 p"Oe -_.!

NAM4E AND PHONE NIUMBER OF CONTACT PERSON IN CHARGE OF: ."(,

NAVAL. WASTE DISPOSAL ACTIVITIES NA ME TA wjii(1&4.A -'0 l PHN #~ Zoe q 7. -Z4Z7

LOCAL C0W.IiITY OR COUNTY SOLID WASTE AUTHORITY WE ft!r ol_, s , PHONE Zo# -a- 12.-
..-..

* * * * **~* ~ *** *~** * * **~** ~ ' % *%.'o#.7-,



4 December 1985

From: Brian Pedersen, Naval Submarine Base, Bangor
To: Gary E. Smith, Systech Corporation 4

Subj: INPUT DATA FOR COST/BENEFIT OF CO FIRING WITH COAL IN STOKER FURNACES.

Ref: (a) Naval Civil Engineering Laboratory letter Ser L71/RMRRDF dated 24
October 1985 %

1. The accompanying information is provided as requested by reference (a).

2. Further questions may be addressed to the undersigned.

BRIAN PEDERSEN
C/O Naval Submarine Base Bangor
Bremerton, WA 98315

4~J.



DEPARTMENT OF THE NAVY
NAVAL CIVIL ENGINEERINO LABORATORY

PORT HUENEME, CA 93043 IN REPLY R1FEI TO

3900
Ser L71/RMR RDF
24 October 1985 'J--

From: Commanding Officer, Naval Civil Engineering Laboratory,
Port Hueneme, CA 93043

To: Commanding Officer, Naval Submarine Base, Bangor
PWD (Code 821), Bremerton, WA

Subj: INPUT DATA REQUIRED FOR COST/BENEFIT MODELLING OF
RDF FUELS FOR COFIRING WITH COAL IN STOKER FURNACES

Ref: (a) NAVFAC Energy Project Work Unit Z0371-01-421D/E
(b) Phonecon from NCEL R.M. Roberts to your office 24
OCT 85

Encl: (1) RDF/Coal Cofired Boiler Model Input Data
Questionnaire

1. Enclosure (1) is transmitted for your completion. It is
requested that the subject data be provided for use in reference
(a) as explained by reference (b).

2. It is expected that there may be some difficulty with some of
the model input information requested. Determination of the
limits of information availability is an important consideration
in the configuring of the RDF/Coal Cofired Boiler Model. We will
therefore be as interested in examining what data you can supply
us with as we will be in finding out what data you cannot. To
ensure that our questions are clear and properly structured, we
urge you to solicit as often as necessary the assistance of the
contractor who is responsible for the final design of the model.
He may be reached as follows:

Mr. Gary E. Smith
Systech Corporation
245 No. Valley Rd.

Xenia, OH 45385
(513) 372-8077 or (513) 429-2533

3. When you have completed the questionnaire, please mail it to
the contractor. If there are any administrative issues that need
attention, please contact me on A/V 360-4193, FTS 799-4193, or ,. '-
comm' 1 (805) 982-4193. We will appreciate having your
questionnaire by 15 November 1985.

Richard M. Roberts
Chemical Engineer
Code L71

l, ," % 'I



ENCLOSURE (1)

BOILER@ I_ _ _ _ _ _ _ _ _ _ _ _ _ _

PRINW CONTACT PERON Re*s( T~4#.

TITLEtite _e'o , ,,<. Q.,

S..-

DESIGN FUEL INFORMATION

DESIGN TOTA. FUEL ALE TO BOILER AT ICR (MAIIMU ONTINUOUS RTING) (DTU/HR) "_"_""

DESIGN nnE TYPE d

HIDER HEATING VALUE OF DESIGN FIL (BTUALB) 7. '. 3ot.'Br _. .

FRACTIN. ASi CONTENT OF DESIGN FUEL, AS-RECIEYD 7 . ,, ... ;

FRACTION L MOISTURE CONTENT OF DESIGN FUEL o ,.

VfDROGEN MASS FRC1WN OF AS-ECIEED DESIGN FUL. ...

SPECIFIC HEAT OF DESIGN F L --"

DESIGN CARBOW LOSSES AS PERCENT OF NXILMM FUEL VALUE TO BOILER AT NCR '-_'

DE.SIGN RADIATION LOSSES AS PERCENT OF MAXIMUM FUL. YVUE TO BOILER AT NCR __;.-

DESIGN TEMPERATURE OF DESIGN FL. AT BOILER BOUNDARY (DE6 F)

DESIGN EXCESS AIR REWIRD FOR DESIGN FUEL AT MRC (% '..

1-

,o- I-

4,",4-,

-,..%

9.: 4N,.-.-

9- 4. 44

. . . . . . . . . . . n - -ni i mi ..



F Yo ," C. ,,,

°* . S.

~JR~NT FUEL INFI TION" -

CURRENT Fla TYPE

CUR NT FUEL VALLE TO BOILER AT OCR (BfU/IHR)

(FOR THE FOLLOING, SUPPLY FUEL NLYSIS RUMRT IF AVAILABLE_ )'.

HIGHER HEATING VALUE OF CURRENT PIE!. (DT1J/LB)3&

SFRACTIONAL ASH CONTENT OF CURRENT FUEL, AS-RECIEYED

FRACTIONAL MOISTURE CONTENT OF CUREN!T PIE!

HYDROGEN MASS FRCTION OF AS-RECD CURRT RE.. .,FU.EL-._,

,SFR MSS FRACTION OF AS-R CURRET FUEL _____ _...-__

SPECIFIC HEAT (F CURENT R'E-_':

RNT COM LOSSES AS PERN OF NGII.M UEL VA.LE TO BOILER AT NCR .-".,__'.

CURRENT RDIATION LOSSES AS PERCN OF MAXIMUM FUEL VALUE TO BOILER AT NCR ....... ,.

TEMPERTURE OF CURRENT FEL AT BOILER BOLNIN A R DES F) _ _-__'___

EXCESS AIR REWIRED FOR CURRENT FUEL AT MCR (5) --.. '

M~lIN.M BOILER TUNIDOIII ACHIEVABLE WITH CURRENT FUEL.1)~.

EXCESS AIR REOUIRED FOR CURRENT FUEL AT WAR IAIMIM TUhID iWN ) __.___
,

__

BOILER AND EDUIPMENT INFORTION r

FOR THE FOLLOWING, 61E THE &lFACTUR R, EQUIPMENT DESCRIPTION AND RATED CAPACITIES OR THROUGHPUTS '

REM FME SYSTEMD5,e4, _

GRATE SYSTEM____________

ASH HANDLING SYSTEM _ _ _ _ _ _ _ _ _ _ _

LTIC.OiMS OR CO.S CV/ .-,ON.ES_

ESP ai?/'f9 T .r- Kl -3 Clecjlkos6 r pgc_

.40UE

"o °. - 1

.-.

.:°,4****4 '%-' 2 § ~ K~.>~ -. % ,



-ARC 3

IS THE BOILER EgUIPED WINh

AN ID FAN

SOOITMI N FOR THE CONVECTIVE c

AN ECOM4IZER ____

SOOTLJOERS FOR THE ECONOMIZER __ "_"__

"HRT TYPE OF ECONOIZER TUES?

OPERATIONS INFORMATION

AVAILABILITYV OF EXISTING BOILER FIRED WITH OJRRENT FUEL )_____

DOES ADIEQUATE BACKUJP CPAhILITY EXIST y 5

DOES BOILER HAVE A HISTURY OF GLASSING_________ _ _ _-

FOR TE FOLLOWING, SUPPLY TEST RPORTS ON PARTICU.LATE EMISSIONS COMPLIANCE OR BOILER EFFICIENCY TESTS IF AVAILABLE

AP9LIALE PARTICULATE EMISSIONS STANDARD ____________ ___

ACTUAL PARTICULATE EMISSIOS_ __ _ _ __ _ _

STACK TEMPERATURE DES F) -

STAC O UETRIC FLOW RATE (ACFM) 3-3--

AIR TEMP AT FD OR AIR-4EATING INLET (DES F) ... i9tz /6 .

PRDERT COMBUSTION AIR TENP (DES F) _____________

FUL. TEMP AT BOILER BOLNDORY (DES F) ___________________

BOTTUM ASH TEM AT BOILER BOU1NDARY (DES F) ____________________

F.....O-F

FLYM] E MA BOILER BOL)4DATRY (D F):66N /___________""_________

,. .S- "' :

-TF O x-+n -r s v) ~..,, ---. .-..... '.."



EMOIC INFOMTION

BASIC LiIUEED OPERATOR WAGERATE 16/HR)_____________________

&OWING ON BISC WIE RATE, A iJ.TIPlER_ _ -.-..

COST OF CONVENTIONAL FULf (5/11))I

COST W ELECTRICITY IS/KW-)
t-4 ,, ..!' 4

DIS. COST FOR ASH (3/TI) ' " ._..._,,,

STEAN MW BY SHIFT BY SASON BY DAY, AVERAGE HORLY (BTU/HR)

StJKR SHIFT ISHIFT SHIFT 3

K.-- R%

SAT ;ow-

WINTER

0di-fRI 37 3 7 3/ 7 3-1

SU 14 3~.' o..' &-

h..% i.SPRINIG INa FALLN 'r

O-fRI L4 3 I ' 2 .C2-7 to.

2.3 Voz' o o__

DISPOSA.L COST FOR lJIlICIPAL. SOLID WASTE DR BAE WASTE (S/Tll) -_-L L-

PE'CTED FU1TUE DISPOSL COST FOR lNJICIPAL SOLID WASTE OR BAE WASTE .__"_"__'._

PROJECTED LIFE OF LOL U IIDFILlS)

ANIA GENERATION RATE OF BSE WASTES (ITO/YR) -. /_ "__.._

W N WK NIUMBER OF C(TACT PERSON IN CHARGE OF:

NAA WASTE DISPOSIL ATIVITIES WUE _ PHONE I -.'_,_-

LOCAL MMM~ITY OR COLTY SOLID WATE AUTHORITY WEl~

.. ... .......... . - . .. .... *..%,** - ------ ,' .... .. . . .. .i.tZt, ' . . . . . . . . . . .. .. . .... . . . .
", " *" " • . .%,*. " .' -- * """ ?. " . . t , - " - " ; - " " " o " " . " .
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UNITED STATES MARINE CORPS .-

MARINE CORPS AIR STATION

CHERRY POINT. NORTH CAROLINA 28533

11300
LCU
19 NOVEMBER 1985

Systech Corporation
Attn: Mr. Gary E. Smith
245 North Valley Road
Xenia, Ohio 45385

Gentlemen:

Enclosed is the input data questionnaire required for

cost/benefit modelling of RDF fuels for cofiring with coal in

stoker furnaces.

Any questions concerning the information provided may be

directed to Mr. John Parsons, 1-(919)-466-2890.

Sincerely,

STEPHEN W. MIKO
Deputy Facilities Maintenance Officer
By direction of the
Commanding General

Encl:
(1) RDF/Coal Cofired Boiler Model Input

Data, Completed Questionnaire *

Copy to:
Commanding Officer .$" "
(Attn: Mr. Richard M. Roberts, Code L71)
Naval Civil Engineering Laboratory
Port Hueneme, CA 93043

C:._ , *, ,.P,.,,..' - '; ,' . *J; .'.-.. ..., ... ~ . ', .... ~ ...,.. .... .... . * . *. .. ,- ... . . . -C ... . . . .
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WMIE WE e gp yPi NC ~

BOILERS IQ~ and No. 2

PRIM" CONTACT PEAO _John M. Parson

TITLE -ynpq....

PHXe # j-L9-A6_k-2890 ---------------

DESIGN FUEL INFOMTION

DESIGN TOTL FUEL VALUE TO BOILER AT MCR (MAXIMUM CONTINUJOUS RATING) (DTU/HR) 110,O0,000/Blr

DESIGN FUL TYP Coal1---

HIGHER HEATING VALUE OF DESIGN FUEL (BTU!LB) 14,724

FRACTIONAL ASH CONTENT OF DESIGN FIR], AS-RECIEWED 10%, maximum

FRACTIONAL MOISTRE CONENT OF DESIGN FU0%Emxiu

HYDROGEN MASS FRACTION IF AS-RECIEVED DESIGN FUEL 5.39_

SPECIFIC HEAT IF DESIGN FUEL. 13,000 BTU/min

DESIGN CARBON LOSSES AS PERCENT IF MAXIMUM FUEL VALUE To BOILER AT NCR -7 9.46%

DESIGN RADIATION LOSSES AS PERCEN'T IF MAXI"J FUEL V~AE TO BOILER AT NCR 0.53%

;r : T; ; P 7 KILEQ BUNAR (DEG r) 800 --------

DESIGN EXCESS AIR REJIKD FOR DESIGN FUE.L AT NCR %15%



l CURRENT FUEL INFORMTION

CURRENT FUEL TYPE Coal1

S CURRENT FUEL VALLE TO BOILER AT NCR (BTU/HR) 91,000,000

(FOR THE FOLLOW~INS, SUPPLY FUEL ANALYSIS REPORT IF AVAILABLE)____ ___

HID~ER HEATING VALUE OF CURRENT FUEL BTU/.B) 14,724

F RACTIONk ASH CONTENT OF CURRENT FUEL, AS-RECIEVED6%-------------

FRACTIONAL MOISTURE CONTENT OF CURRENT FUEL 4 0

HYROGEN MASS FRACTION OF AS-RECD CURRENT FUE 1.41

SUFRMASS FRACTION OF AS-RECO CURRENT FUE 0. 68

SPECIFIC HEAT OF CURRENT FUEL- 13,000/min

CURRENT CARBON LOSSES AS PERCENT OF MAXIMUM FUEL VALUE TO BOILER AT MCR 51% ___

CURRENT RADIATION LOSSES AS PERCENT OF MAXIMUM FUEL VALUE TO BOILER AT NCR 0. 74

TEMPERATURE OF CURRENT FUEL AT BOILER BOUNDARY D EG F) 70%

EXCESS AIR REQUIRED FOR CURRENT FUEL AT NCR ()17%

MAXiM BOILER TUDOWDI ACHIEVABLE WITh4 CURRENT FUEL.( 33%

21% .-

EXCESS AIR REQUIRED FOR CURRENT FUEL AT NEAR MAXINM TURNDON % ___

BOILER AND EQUIPMENT INFORMTION

F09 Tif FOLLOWING, GIVE THE MANUFACTURER, EQUIPMENT DESCRIPTION AND RATED CAPACITIES OR THROUGHPUTS

F-JE. FEED SYSTEM Rotojqrate Stoker

c GRqTE SYSTEMI Detroit Stoker Cormpany

AS NDLING SYSTEM Allen Sherman Hoff

MIITICLONES OR CYCONEt~S Multiclone _____

SCRUBERSNO

ESP YES____

________ N- -- - - - - - - - --- ------------- a



IS THE BOILER EgUIPPED WITH

N IDFAN YES

StOTIM FOR THE CONVECTIVYE YES

i A'

AN ECONOMIZER YES A

SOOTBLMRS FOR THE ECOIZER YES

WHAT TYPE OF ECONOMIZER PJS Honz-SA-178-A-fin

OPERATIONS INFORMATION

AVAILABILITY OF EXISTING BOILER FIRED WITH CURRENT FUEL (9) _A_ ede (95+%)_ __ _' "

DOES ADEUATE BACX) P CAPABILITY EXIST YES __.._.,_.

DOES BOILER VE A HISTURY OF SA6IN NO _ _ _"." A.-

FOR THE FOLLOWING, SUPPLY TEST REPORTS ON PARTII.ATE EMISSIONS COPLIANCE OR BOILER EFFICIENCY TESTS IF AVAILABLE

APPLICABLE PARTICULATE EMISSIONS STANDARD State of North Carolina .

ACTA PARTICULATE EISSIONS -1.2lbs/million BTU

STAD( TEMPERTE (DEG F) 540 F

STAD( VOLLTRIC FLOW RATE (ACFM) 36,000

AIR TEMP AT FD OR AIR-+EATING I LET (DEG F) 70#F

PRE EAT COMBUSTION AIR TEMP (DEG F) NONE "._-_

FLEL TEMP AT BOILER BOLNDRY (DES F) 70OF _ __.___.

BOTTOM ASH TEMP AT BOILER BOUNDARY (DEG F) 150°F .___.'_

FLY ASH TEMP AT BOILER BOUINDARY (DES F) 120"F

.: -*A

-. %

'-4.°o,

,, 4 ," " ,+ o' ." ° ."%"". ° " ' - - - ° +o -° , '- '+ '° .. .' . .- .- ..- . . o ° . . - - " .' " " " " + . - . .. ° " .+ "
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PAGE 4

,-

ECOIC INFORMTION

BASIC MHUR)DEED OPERATOR WAGERATE IS/HR) Average $13. 50/hr

RENING ON BASIC WIGE RATE, A NLTIPLIER 30%
'5•

COST OF CONVENTIONAL RE (S/TON) $54.•74/ton

COST OF ELECTRICITY (I/KWH) $53.50/WH

DISPOSAL COST FOR ASH ($/TON) MCAS Landfill on Station

- SITAM DOW BY SHIFT BY SEASON BY DAY, AVERAGE HOURLY (BTU/HR)

SLOER SHIFT I SHIFT 2 SHIF'T 3 .

MN-fLRI 46000 44000 44000
ST 45000 43000 43000"

SUN 45000 43000 43000

WINTER

NOd-FRI 225000 198000 198000

SAT 207000 191000 191000 -- A ..

SUN 207000 191000 191000

SPRIS AND FALL","

MM-FRI 75000 72000 72000

,L SAT 73000 70000 7000 .. .....-.

SUN 73000 70000 70000

DISPOSAL COST FOR MUNICIPAL SOLID WASTE OR BASE WASTE (/TON) __3. 40__] US _$6OTjc._aprjt.....

PROJECTED FUTURE DISPOSAL COST FOR KNUICIPAL SOLID WASTE OR BASE WASTE Increase 5%/year ""__

PRJECTED LIFE OF LOCAL LNDFILL(S) 5+ years -- __

AA W E)ERATION RATE OF BASE WASTES (TON/YR) 10,OOOT/year

WE AND PHONE NIJ(DER OF CONTACT PERSON IN CHARBE OF:

,-AVAL WASTE DISPOSAL ACTIVITIES WE E. E. Smith PHONE * 919-466-4139

LOCAL COMMUNITY OR CIUNTY SOLID WASTE AThRITY N G. B. Sawyer Poe # 919-637-3338
-As-sT.TountyT~gr
Craven County, NC

. . . . . .

.5.'.
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SYSTECOH

SYSTECH TELEPHONE/VISIT RECORD

Project 7i/ Sales ______Date_______ Time_____

To/From: NAME _________ __4&,",_________

COMP( 2 & Ph~cone________..

* Subject

S%

x rlV,,I,, xrt6/
TKL-'irLpt(L4& Z

* A4 t' 01

/" o'o ( (/L >

Fuur contac dat - 6L

__ Ll(L(Jt ' ,'~ cL~~ (~ ~ t~?2 By



9

N..

( '2'
N
S. %

A 4 i.~ ~ '~%4/-2oA-L/,q.-, - S...

45* J~AS.L ~ F~L~JfWf(fS~~ .5J.

II '**5

I-,
.5.-

5..

F',

.5

5% S

-~

g-~. ~

*C~.

'- ~..

C S - 'F's

P il
4-

4-.
'F"

4.

4.,

5'.

4-
4

-5,.

5%

-S

1%

9
9

'4
4.

5'.

5%

5%

5'

9

Li
-- 4

'5* . S ~ ..-. -:~.'* ~*..
- - - 5*5~5

*55*5



SYSTECH TELEPHONE/VISIT RECORD

Proe t . g ) "Z o Sales Date Time )2 o0

To/From: NAME h " AA . j_ '" "

COMPANY .LL - WA Phone

Subject LI A IU*,.flJ 2 # A4J p * J 1MX#/

* & W t tO- - - 4AL'

- -

<"" - - -90

9%4 Ti ,F45/.A

' "a '%"

. ' . ' • ° + !

/ Future contact date

-

By 

#

-aml

.%~ .41-

* - . ~ ~ ~ ~ ~ ~ ~ ~ .a'%o a\ . . aa.......
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SYSTECHM

SYSTECH TELEPHONE/VISIT RECORD

Project 7Sales_____ Date_____ Time9 Y

To/Fronm NAME JoA" 19Lr an~r

COMPANY /5 Oi(e L( 0!cr- n Phone

- Subject hG) ~ d +q(q- q4( 0 2q

Subjec Rale~r - &aA1,udJ

fvX~ 7A~0?0 4-

* -tcWkw~ iv4-& C~1~J'Q-(.2 1b~rynM P~hA

0.0-2-)* 610-]

Future contact date

By /~/ 4 . ~&4 4~~-



* ,. . ,.,.,. p,

SYSTECHM

SYSTECH TELEPHONE/VISIT RECORD

Project 9O 7 Sales Date X6 TimeL//L/.."......-

Tn/From: NAME tfk') '6.4yi

COMPANY LAA 7PUX M4..iV4JL Phone L6L 1-02j - ,

Subject

~44~ 'U +j l

p L &A V 6Z4C .

/,: 7 A m o tcA

-' -'.'i

p Future contact date

Byy 2

7." 7



SYSTECHM

SYSTECH TELEPHONE/VISIT RECORD-

Project C)i Sales _______Date ''Idf Time

-,TFrom: NAME \~ ~j4

COMPANY /~ -. P(rsf' ti, Phonei L 34

Subject

i .. ,-4.,

-

: Z .C: "

Future contact date

By



SYSTECH®V

SYSTECH TELEPHONE/VISIT RECORD

Project. t.i..... Sales Date ' Time

To/From. NAME -IA.r-

COMPANY _________________Phone 3&
Subject Sub d rct

Future contact A-a-

~ - ~4C4J t-N(tt-L.

IT4A

." '- "- i

,: ..-. ,.

o- .

6C~r # dz- Y '7 4....- .-. '.

By . •

AI

'I
• -" ° , o

L .....*..



SYSTECH TELEPHONE/VISIT RECORD :NO

Prooclt 5(7Z Sales Date 01/2- Time

Ta~om)NAME

. .10

COMPANY Lt 4 fA /LiPhone___________

Subject Oi dZ

(O*.I rVACL14-,_ Ar'O-y - - o " //a ),"

43V/ F.Ca,

121 0-o " 4 ..b

Questions raised (answered) 7- -. .

e~d..e.Q ., fqZ. 32.1S CO ., f3 .3"f0
EK)z 5A A'9 Z4- CIO'-

Answers given (received) .

-. , G 2i. 3q"

Unresolved items

Action(s) to be taken - 41 131o7

Wa 6.3oX"

*0. 1 73 31 631/.c~.
Future contact date -

By

C ~ -*



.- J.-

.YSTECH

SYSTECH TELEPHONE/VISIT RECORD

Project -7 20 Sales Date 1- '[ Time ,2: P)

-: ; qp .. :i~-U..:

To/From: NAME LtAA

.. ... VJ :.-' "

COMPANY1(ffakL bfJIHi1i Phone *p0 7,3 dLQ-

Subject

S..r.//. 2 P" 8 J..

Questions raised (answered) .- ".,

Answers given (received) .

Unresolved items . / ., /; / -

Action(s) to be taken

% Future contact date %

. - . - . *

By ,



SYSPTECH~-

SYSTECH TELEPHONE/VISIT RECORD

Project Sales Dae44 -421-~m

To~ NAME J1K
COMPANY NJ Phone_ _ _'-

Subject U-*F1e. CAe.k. b 1--- dL'

5Ia I w I

Questions raised (answered)

.,-- ,

* Answers given (received)

Unresolved items

Action(s) to be tak~en

* Future contact date

y .

- . .-...-. . -... -, ,.



SYSTECH"

SYSTECH TELEPHONE/VISIT RECORD

I ,- Nl r.k ""

Project ?01- ? Z Sales_____ Date ~ " Time L2IQ

To/From: NAME f-I1&LLt HQCI2 *

COMPANY~zdi}11 I Phone"

Subject

,41/6- Wokl¢tI8 /6o,06C /b.s/ic ,- rkk & ,._-

5h fW2" d-/p -C"-4 ~g-

Questions raised (answered)

Answers given (received)

/ "

Unresolved items
S...- .

Acetions rie see) to bet-k-n

.,Futreontatdate

By

5 ".'** .5

. . . . . .. . . . . . . . . . . . . . . . . . . . .
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SYSTECH

SYSTECH TELEPHONE/VISIT RECORD

Project g Sales Date Time 3 :oI

To/From: NAME

COMPANY -- on. 4," ;46 3hone

// o1 -- •
Subject ?16 IL Ad(IQ aA J ,iji& Caft(i" 91~d~ Ad-4zA-

,tA . -57

p,. • 4% --

/2 - n d-i•

C4(takl

Questions raised (answered)

Answers given (received)

* Unresolved items

Action(s) to be taken

*Future contact date ~

By

; ..*:K.:...v *~-~~



SYSTECH SOLLD-WASTE-TO-ENERGY

SALES CALL REPORTING FORM

PHONE CALL DATE TIME -

.p. V~ISIT COMPANY CA ,4

LETTER/BROCHURE CONTACT PERSON 5'-i "

SYSTECH SALESPERSON: L>Ll"

SUMMARY OF SALES CALL

e-* 5%l

1~ ~ ~ ~~~ ,9ea ,0/ (b' All -e~J~ /
114 0 -7 1'1 c--

o -/ . IJ ..d

.,.P -: ,1./- o. ,/ / ., ,I .-,

• o.--.

#.

..,....-......*......-5:.i5*S
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MODIFICATIONS TO THE NCEL RDF COST MODEL
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APPENDIX C %

MODIFICATIONS TO THE NCEL RDF COST MODEL

Modifications '

As discussed in Section 3.2, twelve modifications were necessary to

correct transcription and logic errors in the RDF Cost Model. Two additional
modifications were implemented to facilitate data entry. The first was a
reorganization of the input data sheet (RDFMDLIN). The original format did

not follow a logical sequence. It had requests for information on the same
topic scattered throughout the sheet. The inputs are now grouped into the
following categories: current boiler operating conditions, conventional fuel

characteristics, RDF characteristics, economic factors, true/false questions,
and original boiler design information. The second change was to clarify the
wording of two of the true/false questions. Line 73 "The boiler has no
history of slagging" was changed to "The boiler has a history of slagging," .
and Line 86 "The boiler has no ID fan" was changed to "The boiler has an ID
fan." This re-wording eliminates the potential confusion caused by the use

of a negative statement. The original algorithm and the modified final

version are summarized in Table C-i and discussed below.

Modification 1. Three errors that were identified were transcription
errors in which the algorithms in the final model differed from the
algorithms proposed by WETCO.

l(a). To accommodate additional ash which may be generated during co-
firing the model estimates the cost of upgrading the existing ash

handling system or develops a cost for a new system if one does .-

not currently exist. The logic for assigning the cost of a new

system was reversed. The model assigned a cost multiplier of
10 if an ash handling system was in place and a multiplier of
I if there was not an ash handling system. These multipliers are
applied correctly in the final version.

l(b). The model contains an algorithm which computes the total hours
when co-firing is possible. Two of the intermediate sums were

added twice, thus incorrectly stating the grand total. This was

corrected by eliminating the duplicate values.

1(c). A portion of the algorithm for derating the boiler during co-
firing was inverted, resulting in a negative value. This was
corrected by putting the factors in the proper order.

Modification 2. The original algorithm for determining air pollution
control (APC) device efficiency assumed that various APC devices are

mutually exclusive. In actual practice, APC devices are not mutually " .a%
exclusive; they are commonly used in conjunction with one another to achieve

C-3



TABLE C-1. RDF COST MY 11 i<. ,1)00 11S

Modification Sheet Row Column
Number Nae 0 0 Description

*1 WORK1 84 2 ((r1c3.-r11ci/r1c1)u100

WORK1 89 3 (520 *SUM(1-62: 64c!'v -71: 7 3r-3, r80:82c3))+
(1O4.SUM(rf65:7Oc3,r74:79c3,r83:88c3))

WORK2 46 5 (if(r)9cl1~,1,30))*(r96c4/10O00OO'
r2lcl/0.2wr26c5/r~cS/2000) ̂ 0.26l'.32461

2 WORK2 21 5 (i-((if(r53cl-1,O.O1,1)).(if(r54cl1,O.0i5,

3 WORK1 57 3 if(r67cl=l.0.25.O.6)*r1c1/r1lc1
4 WORKi 80 2 if(r67cl~l,rl5c19 (rl5c1~r23c1+0.5*r24cl

-ri3cl-0.5-r1 4o1l+(r25cl/O.75)-0.67*0.05))
5 WORK2 42 5 if(r67cili,0.25,1)*((5/r26clr96c4*r9c5/

r1c5*r36c1*24/40) -0.39*672000
RDFMDLIN 52 6 Input 1 day storage

*6 WORK2 45 5 (if(r66c11l,1,0.3))*((r21cl/0.2
.r96c4/lOOOOOOOO)*'0.368*259691)

7 WORK2 46 5 if (and(r59c1l',r26c5<((1.25*r96cl)),

0.10) *(r96c4/lO0000OO0*r2lci/0. 2*r26c5
/r9cS/2000) "0.261*32461

RDFMDLIN 37 6 Input ash handling capacity in TPH
8 WORK2 43 5 if(r37cl<=0.0189,0,(5/r26c1ar21cl/

0.1*(r96c4/15000000))'^0.274
or37c1 /0. 25.1125000

WORK2 44 5 (if(and(r37c1<=0.0189,r37c10O),0,(5/r26c1.l*4~
r21cl/0.2*(r96c4/10O000000) )0.508*64923)

RDFMDLIN 53 6 Input 0 length
9 WORK2 13 5 (r97c1/(1--r21c5))/(r26c5/(r2c5/1000000))

RDFMDLIN 35 6 Input current particulate emissions, lb/mmBtu

10 RDFMDLIN 57 6 Input discount factor %~4

WORK2 51 5 R39cl
WORK2\. 52 5 bln

*WORK2 52 5 blank

WORK2 56 5 ((r98c5-r57c5)*r39c1)/(r50c5/(r35c5/1000000)
11 WORK2 99 5 (r45ci)u(r43c1/2)

WORK2 100 5 (r98c5-rlO2c5)*r39c1/(r5Oc5/(r35c5/1000000))
WORK2 101 5 r53c5-r99c5
WORK2 102 5 r1OlcS..i000000/r35c5 II4I
OUT4 68 3 r99c12
OUT4 69 3 riOOcl2
RDFMDLIN 63 6 Input MSW tippin~g fee, $/ton%

RDFNDLIN 64 6 Input MSW t)-5naportation cost, $/ton

12 RDFMDLIN 34 6 Input boiler exi1t temperature, deg F
*True/false WORK2 33 5 ((If(r51cl=1.0.46,0.036))u ... (unchanged)

WORK2 80 5 (if(r64c1=1,1,0))* ... (unchanged)

*nzu ==s === ==== === ====== ==m= == =.t t - -- - --- sAd



a cumulative particulate removal efficiency. For example, it is not uncommon
to have multiclones followed by an ESP (Cherry Point) or to have a scrubber
and a baghouse (Puget Sound). The erroneous algorithm added the individual
efficiencies when two devices were present, yielding an efficiency of greater IT..1

than 100 percent. The algorithm was modified to reflect the cumulative IN

efficiency of multiple APC devices. ,

Modification 3. The original algorithm for determining co-fire boiler -..

flows at maximum turndown was biased towards RDF-3 utilization. When co-
firing RDF-3, it is not generally possible to maintain stable combustion at
boiler loads of less than 60 percent of the design MCR. However, field test
co-fire evaluations at Hagerstown, Maryland; Erie, Pennsylvania; and Wright-

Patterson Air Force./Base, Ohio (References 6, 7, and 8), respectively, have
demonstrated the abflity to successfully co-fire RDF-5/Coal as low as
25 percent of design ratings. The algorithm assumed maximum turndown to be
60 percent of MCR irrespective of the type of RDF specified in the input data.
Since 60 percent is appropriate for RDF-3, the algorithm was modified to use
either 60 percent or 25 percent, depending on the type of RDF utilized.

Modification 4. The algorithm for estimating excess air requirements
did not appropriately address excess air requirements for co-firing RDF-5.
The algorithm estimated excess air based on RDF-3 burned in suspension but
not on RDF-5, which has essentially the same excess air requirements as coal
(References 6, 7, and 8). To account for RDF-5 utilization, a logic gate was
added which uses the existing algorithm when RDF-3 co-firing is specified .

or uses the excess air value which was input for coal when RDF-5 co-firing is

specified.

Modification 5. RDF storage was based on the use of an Atlas storage
silo. This is not appropriate for RDF-5 and may not even be the most
appropriate for RDF-3 (Reference 11). RDF-5 is physically similar to coal "." "

and, therefore, can be stored in existing coal bunkers, silos, etc., with only
minor modifications (Reference 8). The modified algorithm currently uses ,
the initial Atlas storage cost calculation for RDF-3 but uses 25 percent of
that storage cost for RDF-5. This results in an adequate amount of capital
for one of several storage options appropriate for RDF-5. Furthermore, RDF
storage should be limited to only a one day supply on hand at any given time
since coal would still be available as the primary fuel.

Modification 6. The proposed system for delivering RDF from storage to .

the boiler is a pneumatic system. Although applicable to RDF-3, it is not
appropriate for RDF-5. Unlike RDF-3, RDF-5 can be transferred from storage
to the boiler on the same conveyors used for coal, with only minimal
modifications required (Reference 7 and 8). The original algorithm priced
out an entirely new delivery system for either RDF-3 or RDF-5. The portion
of the algorithm which priced the RDF-3 pneumatic delivery system was left

intact, but it was appended with a subordinate algorithm which applies one-
third the cost calculated for the pneumatic system when RDF-5 is specified.

C-5
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Modification 7. As addressed in Modification 1(a), the model did

account for the potential need to upgrade the existing ash handling system to
accommodate the additional ash associated with RDF co-firing. However, that

algorithm assumed that an upgrade would always be necessary. There was no

check to compare the co-fire ash generation rate to the capacity of t.he
current ash handling system, thtreby verifying the need for upgrading. This
problem was addressed by adding an additional model input to identify the % k

design capacity of the ash handling system and a logic gate to compare the co-
fire ash generation rate against the system capacity. If the co-fire Ash
generation is more than 125 percent of design ash capacity, the cost to

upgrade the ash system is calculated as before; otherwise, no additional cost
is assigned for ash handling system modifications.

Modification 8. The model contained an algorithm which estimated
capital costs for long or short conveyors. This was used to establish an RDF
delivery cost and was based on the assumption that the RDF production plant

is on base, near the boiler. In this situation, it would be more appropriate
to assign the cost of the delivery conveyors to the RDF producer, incorporate
any additional cost into the delivered RDF price, and avoid addressing RDF
delivery cost as a separate item. In many instances, the production facility
may not be near the base and transportation would be via truck. Thus, the
algorithm was modified to yield a zero cost for RDF delivery via conveyors
and to assume the input RDF price includes delivery costs.

Modification 9. The original model estimated a theoretical flyash
fraction as a function of furnace velocity only. Although that approach is
not incorrect, flyash fraction can be more accurately estimated by back-
calculating it based on the following: (current particulate emissions)/(1-
APC efficiencies) = total ash lofted as flyash. This assumes that the flyash
fraction is constant and that APC efficiencies are constant. A model input
for the current emissions rate was also added.

Modification 10. The original SIR algorithm did not follow Military
Specification, NAVFAC P-442 (Reference 5). The SIR algorithm used an
annualized capital cost based on annual interest rate and represented only the
first year costs. It did not yield the return on investment (ROT) over the

life of the project, which in this case is 25 years. To correct this, the SIR .

was changed to a Type I SIR analysis. A Type I analysis is utilized when "a

given requirement is already being met at the present time, but a better
solution is perceived. In the context of economic analysis, 'better'
specifically refers to a proposed alternative whose total NPV [net present
valuel cost is lower than that of the existing alternative (the status quo)

over the same period (project life). In such a case, the justification for
implementing the proposed alternative is primarily economic .... " (page 28,
Economic Analysis Handbook, NAVFAC P-442, July 1980).

Modification 11. To account for the utilization of base-generated solid
waste to support an RDF production facility, an algorithm was added which
applies a credit to the SIR algorithm for avoided solid waste disposal cost.
Therefore, for each analysis, two SIRs are estimated; one includes the credit
for avoided cost, and one does not. The estimate of avoided cost is based on
the following assumptions: transportation and collection costs cannot be

-C-
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avoided. The solid waste still has to be collected and then transported, %%a
whether to landfill or to the RDF production facility. Furthermore, only

one-half of the disposal cost can be avoided because RDF production facilities
typically have a 50 percent fuel, 50 percent rejects ratio. The rejects must
still be landfilled.

Modification 12. The model originally used the flue gas temperature at .

the stack for the boiler efficiency calculation. This can lead to erroneous&
results, especially if a wet scrubber is used, which lowers the flue gas
temperature without reclaiming the energy. The ASME Power Test Code '-

efficiency test uses the flue gas temperature at the boiler, economizer, or
air preheater exit. To correct this, the model input was changed to ask for
boiler exit temperature rather than stack temperature. The algorithm was
correct in all other respects and was, therefore, left unchanged.

The following computer printouts are the output data obtained as
each modification was implemented. The outputs show the individual
effects of each modifications as well as the final, cumulative effects. .

Modifications 1 through 11 are based on Cherry Point data. Modification 12 is
illustrated with Puget Sound data, as Puget Sound was the only facility
affected by this modification. The individual outputs, which were effected by
the modification, are underlined and can be compared to the original program-
(Run 1 outputs). "

r%
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1 2 3

1 1 "PORT HUENEME ALGORITHM.
REVISED AND SIMPLIFIED 12 I-

/01/84"

2 2 "MODIFIED JANUARY 1

986"

3 3 "Facility:"

4 4

5 5 SUMMER STEAM DEMANDS:"

S6 6 "AVERAGE HOURLY BTU

INPUT IN THESE MAT

RICES"

8 8 "MON-FRI"

99 "SAT" I -

10 10 "SUN"

11 11 "WINTER STEAM DEMANDS:" "-

. 12 12 "AVERAGE HOURLY BTU

STEAM" .

13 13 J

14 14 "MON-FRI"

151 5 "SAT"

16 16 "SUN"

- 17 17 "SPRING AND FALL STEAM DE
MANDS:*"

18 18 "AVERAGE HOURLY BTU

*19 19
20 20 "MON-FRI" "'-.

21 21 "SAT" , "

22 22 "SUN"
23 23
24 24 -CURRENT BOILER OPERATING

CONDITIONS"
25 25 "Boiler availability"

26 26 "Excess air required at M

CR" - "-*
27 27 "Total heat release at MC

28 28 "Fuel temperature at boil
er boundary".

29 29 "Radiation losses" ,,

30 30 "Carbon losses" 2z
31 31 "Air temperature at FD or

airheater inlet"

32 32 "Preheated combustion air
temperature"

33 33 "Ash temperature at boile
r boundary"

34 34 "Gas temperature at boile
r/economizer exit"

35 35 "Particulate emissions ra
te"

D-4



W3.. 3,

2 3
36 36 "Applicable particulate e

missions standard"-.

37 37 "Ash handling system caps
city"

38 38 "CONVENTIONAL FUEL CHARAC
TERISTICS: AS RECEIVED"

39 39 "Moisture"
40 40 "Ash"
41 41 "Hydrogen"
42 42 "Higher heating value"
43 43 "Specific heat"
44 44 "RDF CHARACTERISTICS AS

RECEIVED"
45 45 "Moisture"
46 46 "Ash"
47 47 "Hydrogen"
48 48 "Moisture-ash-free heatin

g value"
49 49 "Bulk density" d

50 50 "Size (passes through scr
een opening)"

51 51 "Cofire ratio" "(based on heating
value)"

52 52 "Days of storage desired"
53 53 "Length of mechanical tra

nsfer conveyor" 4
54 54 "Fuel temperature at boil

er boundary"
55 55 "ECONOMIC FACTORS"
56 56 "Financial life of projec

t..
57 57 "Discount factor"
58 58 "Cost of electricity"
59 59 "Ash disposal cost"
60 60 "Operator wage rate, unbu

rdened"
61 61 "Burdening rate (a multip

i ier)".
62 62 "Annual quantity of MSW g

enerated on base"
63 63 "MSW disposal cost: tippi

ng fee"
64 64 " trans

portation" -.
65 65 "Conventional fuel cost, 'p

delivered"
66 66 "RDF cost, delivered" [4

67 67 "IF THE FOLLOWING STATEME
NTS ARE TRUE, ENTER 1 :"

68 68
69 69 "BOILER HAS SOOT BLOWERS

FOR THE CONVECTIVE"

D-5
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-. j1 %p "-F --j -.- i . . ° - - - - r el ." , 1V 71- .7.-%- _ -3

12 3
70 70 "BOILER HAS SOOT BLOWERS

FOR THE ECONOMIZER"
71 71 "BOILER HAS AN ECONOMIZER

%

72 72 "ECONOMIZER IF PRESENT IS
BARE TUBE"

73 73 "Boiler has a history of
slagging"

74 74 "ADEQUATE BACKUP CAPABILI
TY EXISTS"

75 75 "BOILER IS EQUIPPED WITH .-.

A BAGHOUSE"
76 76 "BOILER IS EQUIPPED WITH

AN ESP"
77 77 "BOILER IS EQUPIIED WITH

A VENTURI SCRUBBER" .J v.
78 78 "BOILER HAS MULTICLONES 0

R CYCLONES"
79 79 "BOILER WAS ORIGINALLY DE

SIGNED FOR COAL
80 80 "BOILER HAS MOVING OR DUN .

PING GRATE"
81 81 "BOILER HAS AN ASH HANDLI

NG SYSTEM"
82 82 "THE CF ASSUMED COFIRED I

S OIL"
83 83 "THE CF ASSUMED COFIRED I

S COAL"
84 84 "THE CF ASSUMED COFIRED I

S GAS"
85 85 "THE FURNACE IS PC OR CYC -'-'

LONE TYPE"
86 86 -The boiler has an ID fan

*87 87 "ALTERNATIVE SOLID FUEL I

S NOT RDF BUT COAL"
88 88 "ALTERNATIVE SOLID FUEL I

S RDF-3"
89 89 "ALTERNATIVE SOLID FUEL I

S RDF-5 (d-RDF)"
90 90
9191
92 92 ",
93 93 "ADDITIONAL INPUT REGARDI

NG ORIGINAL BOILER DESIGN

FOLLOWS:* p _
94 94%
95 95 "FRACTIONAL MOISTURE OF A

S RCVD DESIGN CF"
t6 96 "FRACTIONAL ASH CONTENT 0

F AS RCVD DCF"
97 97 "FRACTIONAL EXCESS AIR RE

OD FOR DCF AT MCR"

D-6 -



12 3
98 98 "TOTAL FUEL VALUE TO BOIL

ER AT MCR"
99 99 " NAMEPLATE WITH DCF"-
100 100 "HIGHER HEATING VALUE OF -

DCF".
101 101 "FRACTION OF HHVCFD LOST ., .

DUE TO CARBON LOSS"
102 102 "DESIGN FUEL SPECIFIC HEA

T"

103 103 "TEMPERATURE OF DCF AT BO

ILER BOUNDARY"
104 104 "HYDROGEN MASS FRACTION 0

F AS-RCVD CFD"
105 105 "RADIATION LOSSES AS A FR

ACTION OF DTOTHHVCF".
106 106
107 107
108 108
109 109
110 110

112 112
113 113
114 114 "IF THE ALTERNATIVE SOLID

FUEL BEING FIRED IS WOOD

(HOG FUEL OR"
115 115 "WHOLE TREE CHIPS) THE RD

F EXPRESSIONS ARE REASONA
BLE. SIMPLY"

116 116 "SUBSTITUTE THE WOOD MOIS
TURE, ASH, PARTICLE SIZE,
AND BULK"

117 117 "DENSITY INTO THE RDF VAR
IABLES. HOWEVER, IF THE A

SF BEING FIRED"
118 118 "IS COAL, SUBSTITUTE THE

COAL HHV FOR RDF HHV (HHV
RDF), AND

119 119 "ALSO ENTER OTHER SOLIDS
CHARACTERISTICS APPROPRIA
TELY."

D- 7



a 1*

4 5 6

2

4 "INPUTS(LINES 3 TO

105):-
5
6

7 "SHIFT 1" "SHIFT 2"
8 50000000 45000000

9 40000000 40000000
10 40000000 40000000

* 11
12

13 "SHIFT 1" "SHIFT 2"

14 150000000 140000000
15 130000000 130000000
16 130000000 130000000

17

AIs 18

19 "SHIFT 1" "SHIFT 2"
20 100000000 92500000
21 8 00

21 85000000 85000000
*22 85000000 85000000"--

23
24 "INPUT IN THIS COLU

MN" •..

25 0 .98

26 0.3

27 172840000

28 70

29 0.0041
30 0.0405

31 70

32 70

33 450

34 340

35 0.02

D-8
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4 5 6

36 011

37 1

38 
4,. ~

39 0.12P40 0.07 ',.

41 0.04

42 10500

43 0.3

44

45 0.2
0.1~'

46 0.07
V., 47

48 9000

49 35

so 1.5 E

0.4

55
56 25

57 9.54

58 0.0227
59 16

60 13.68

61 1.305

62 42000

63 10 ~~*

64 6

65 78 S*

662
67

D-9
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p- l . l , --, -% -" ' ' -% _ -% -% , ' -, 7 . , ' .N - -N - ' 4 -_ . lo -%. 'A.T- -7 7 C 7 - U

4 5 6
70

711 --

R 721

73 0

*74 1

75 1

76 0

77 1 J

*78 0

79 1

*80 1

-81 1

*82 0

83 1

84 0 A

85 0

*86 1

*87 0

8 8 0

90 *.

'A91

92

95 0.1548

96 0.0913

97 0.3
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4

172840000
100 10290

0.0405101 p'

1020.

2 103 8

* 1040.0405

105 0. 0041

106
107
108
109
110

112
* 113
* 114

p~. 115

116

117

118

119
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7 8 9

R99C6

2 R1 00C6

3 R95C6

4 R96C6

5 R97C6

6 RO1C6

7 "SHIFT 3" R102C6

8 45000000 R103C6

9 40000000 R104C6

10 40000000 R105C6

11 R27C6

* 12 +R42C6

13 "SHIFT 3" +R39C6

14 135000000 +R40C6

15 130000000 +R26C6

16 130000000 R30C6

17 +R43C6

18 R28C6

19 "SHIFT 3" .R41C6

20 90000000 +R29C6

21 85000000 +R51C6

22 85000000 R47C6

23 +R45C6

" 24 +R4C6

25 "Fraction" .R50C6

', 26 "Fraction" +R49C6

27 "Btu/hr" R66C6

28 "Deg F- +R54C6

29 "Fraction" +R34C6

30 "Fraction" +R31C6

31 "Deg F" R32C6

" 32 "Deg F" R33C6

33 "Deq F- R58C6

34 "Deg F" R65C6/2000 1"0.-.
.4 35 " b /m m B t u" +R59C6
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D +', , ...

7 8 9

36 "ib/mmBtu" +R52C6

37 "TPH" -R53C6

38 +R56C6

39 "Fraction" +R57C6

40 "Fraction" +R60C6

41 "Fraction" +R25C6

42 "Btu/lb" +R36C6

C'- 43 "Btu/lb/deg F" R62C6

_44 +R61C6

I 45 "Fraction" +R63C6

. 46 "Fraction" +R48C6

47 "Fraction" R69C6

* 48 "Btu/lb" R70C6

49 "ib/cf" R71C6

50 "Inches" R72C6

" 51 "Fraction" R73C6

* 52 "days" R74C6

53 "Miles" R75C6

54 "Deg F" R76C6

55 R77C6

56 "Years" R78C6 %

N'2

57 R79C6 -..

p. 58 "S/kWh" R80C6

59 "S/ton" R81C6

60 "S/hr" R82C6

61 R83C6

62 "Tons/yr" R84C6

63 "5/ton" R85C6

64 "/ton" R86C6

65 "S/ton" 0.039*2000 R87C6

- 66 -$/ton" R88C6

67 R89C6

68 R90C6

69 R8C5

D-13
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7 8 9 %',-.

70 R8C6

71 R8C7

72 R9C5

73 R9C6

74 R9C7

. 75 RlOC5

76 RlOC6

77 R1OC7.

78 R14C5

79 R14C6

80 R14C7

81 Ri5C5

82 R 15C6

% 83 R15C7

'84 R 16C5

85 R16C6 .5..

86 R16C7 - '

87 R20CS

88 R20C6

89 R20C7

S90 R21C5
"" 91 R21 C6 ".

92 R21C7

93 R22C5

•94 R22C6

95 "Fraction" R22C7 .%,

96 "Fraction" R37C6*2000

97 "Fraction" +R35C6
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* . .

7 8 9

98 +R64C6

99 -BTUH-
100 "BTU/LB'*

101 "Fraction"

102 "BTU/LB/DEG F"

103 "DEG F"

104 "Fraction"

105 "Fraction"

106
107
108
109

* 110
111 ... .

112
113
114

115

116

117

118

119 
'"..

".,' %f,

., S..

'.. .'
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irw.-r~lv, .- ,I~.... l-

10
1 "DTOTHHVCF"

2 "HHVCFD"

3 'MCFD"
4 "ACFD'*

* 5 "EACFD"
6 "XCLQSD**

7 *CPCFD* ii
8 "TCFD"
93 "XHCFD"

10 "LOSRADD"
11 "TOTHHVCF-

a.12 *HHVCF"

13 *'MCF'
14 'ACF"
15 *'EACF" -

16 *XCL0S"

18 "TCF"

19 "XHCF"
20 "LOSRAD"

21 "X"
22 'XHRDF*
23 *MRDF:
24 -ARDF"

25 "DP"
26 "RHDRDF"

27 "RDFCST"

28 **TRDF"

29 *TSTK"
30 "TAIR"
31 "TCAPH "

32 'TASH"

33 "ELCOST"

34 "CFC0ST"

S35 *IPOT
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-A,,
,. %"

10 __

36 "STORTIME"

37 "MILES"

38 "LIFE"

39 "INTEREST"
40 "WAGE"
41 "AVAILCF"
42 "TSPSTD"
43 "'ISWPROD"
44 "WGBURDON"

45 "DISPMSW"
. 46 "MAF HHV"
,. 47 ~- .4

48

49 A
50

51 ,
_. ..q,@.

52
53 -

54

56

57 4. ..

58
59
60

61

* 62

63 .. ¢'

64 __

65

66
* 67

68
69
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•-..-'-I

10
70

71 F- -

* 72

73 d, .

74 .

75 .

76

77

78

79

80

82

83 .
84

85 "v,.t t

86 i.'

87

* 88
89

90
91 --.,,

92 -. ?

94
95 , .

1, *'

96 "ash capacity"

97 "emissions" 4."
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10
98 "transport"

.1 99
100

101 V,.'

102

103 .,.,.

104

105

106
107 " "
108
109
110
111

112
113
114

"" 116

117 .. -F

1 18 " '" 
-

119

D-."9
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4 4 44 - . - - -.

4..'...

.4. J..*

p 'a

.'~ d

4-.., .p
4.',

.4.-

4~~~*

44 ~

*1

~*. d~4

*~*

4.

WORK I
4'. ~4

-. 4-..,.

*W4~

* - "4.

*4*4.~

.'*,* ~*q

r

tic.
.4 41.

* , 44.

As~
.4.

4*44%*
.4.
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d 4.,..V..-. I-T i.

1 3
1 Irdfmd Iirn xferdata] R24C2*(1-R3C1-R4C1) R53C2*R26C,3P2 Irdfricf 1ir xferdataJ RE4C2*R4Cl R54C2*R26C3
3 rdmlnxferdataJ R24C2*R3Cl R55C2* R26C 3

4 Erfmdln xfr~daal R6C2R56C2*R26C3

7 rdfradlirn xferdataJ RIMi R59C2*R26C3
8 Erdf rnd1i n xferdatal R24C2*R3--Cl*(R8C--32 R60C2*R26C3

*9 1 rd frndlIir, xferdatal R4C2*). 24*(R3C1-32 R61C2*R26C3

I0 [)rdfrndl ir xferdatal SUM(R6:9C2) R62C2*R26C3
11 Erdfradl ir xferdata] R2C2 R63C2*.R26C3

*12 Erdfrndliri xferdatal R5C2-RllC?--R13C2-RI R64C2*R26C3
4C2

13 E-d frndl1irn xferdataJ R24C2*(R3C1+(R9Cl*9 SLJM(R7:12C3)

.414 Erd frad Iirn xferdata] IF (RGCI=0lRI03Cl*R1 R6EC2*R2EC3 a
Cl/14500, R6C1*RlCl/
14500)

15 Crdfrndliri xferdata] SUM(Rll1:14C2) R6C3-Rl4C3-Rl6C3-RI
7C3

16 Erdfrnd Iirn xferdata3 Rl1C2*0.2*(R32C1-32 RGBC2*R26C3

17 Erd frndli r, xferdataJ R12C2*0.25*(R29C1-3 (C1-R21C1)*R11C1*R2
2) 5C3*R2BC3/R1 13C2.+R2

1C1*R1 1C1*R25C3*R29
C3/R1 13C2) /145)C

18 Erdfroidl in xferdata] R13C2*(1128+(C0.455* SUM(R14:1'7C3)
a. (R29CI-160))

19 Erdfriidlirs xferdata) R14C2*14500 R71C2*R26C3
20 Erdfrndlir. xferdatal (RlOC14-C.C16)*RICI R15C3*C).25*(R29Cl-3

*21 Erdfmdliri xferdata) SUM(R16:20C2) R73C2*R26C3

22 Erdf md 1i n xferdatal RIOC2-R21C2 R1I7C3* 14500%

24 Erdfriidliri xferdatal RIC1/R2C1 SUM(R19:23C3)
25 Erdfrndlirn xfer'dataJ R12C2/1.2792+Rl3CL2/ 1. 105*R25C2

-. 0..78

26 Erdfrndlirs xferdatal (0.C00073*RIC1*(1+R5C R25C3/R113C2

27 Erd frnd 1 in xferdataiJ R5COC2*(1-R13Cl-Rl4C ((R1Cl--(R.,5C3/Rtl3C
1) 2)*RIICI)/RICI)*C)C)

C-. I? rdfrndliri xferdatal R50C2*Rl4Cl IF (AND ( RE63C I=(), R56C '

.4 ~1=()) , 0. 02* (1. 15'

10)

29 [rdfrnd irn xferdatal R50C2*RI3CI IF (R27C3->), ( (R25C" I
/0. 75 ) - 0. 41 *0. 05+ ( R
27C3/2(.))'2. 58*0. 01)

N; 0C. 75),*-(0. 41 *0. 05) *(1

30 (rdfrndlir xferdatal R52C2 R13C3-R2D4C3

% D-21

%%



3

31 Erdfmdlin xferdata) SUM(R27:30C2) R30C3/(R8C3+4RIOC3)
32 Erdfmdlin xferdatal R27C2*R17C1*(RlBC1- R53C2*R57C3

32)
33 Irdfmdliri xferdataJ RllO! R54C2*R57C3
34 trdfmdlin xferdatal R50C2*Rl3CI*(RIBC1- R55C2'*R57C3

S 32)
35 EIdfmdlin xferdatal R30C2*0.24*(R3OCl-3 R56C2*R57C3% %

2)
36 Erdfmndli r xferdataJ SUM (R32:35C2) R57C2*R57C3
37 Erdfrndljin xferdatal R28C2 SUM(R32:36C3)
38 Erdfrndlin xferdataJ R31C2-R37C2-R39C2-R R59C2*R57C3

40C2
39 Erdfrndlin xferdata) R5OC2*(Rl3CI+(Rl9Cl R60C2*R57C3

*9))
40 Erdfmdlji. xferdata) IF(Rl6C10O,R103C1*R R6lC2*R57C3

IICI/14500, R16C1*R1
C1/14500)

*41 (rdfmndliri xferdatal SUM(R37:40C2) R62C2*R57C3
42 Irdfmdlin xferdata3 R37C2*0.2*(R32CI-32 R63C2*R57C3

43 Erdfmndliri xferdata3 R38C2*0.25*(R29C1-3 R64C2*R57C3
2)

44 Erdfrndlin xferdata] R39C2*(1128+(0.455* SUM(R38:43C3)
(R29C1-160)))

45 Erdfrndlin xferdata) R40C02*14500 R66C2-*R57C3
46 frdfrndl in xferdataj (R2001+0. 016)*RlXCl R37C3-R45C3-R47C3-R

48C3
47 Erdfrndlir xferdatal SUM(R42:46C2) R68C2*R57C3
48 Erdfrndlirn xferdata) R36C2-R47C2 (R57C3*(1-R21C1)*R1

Cl*R58C3+R57C3*R21C
1*R11Ci*R59C3)/145)
0

*49 rrdfrndlji xferdata) R48C2/R33C2 SUM(R45:48C3)
50 Erdfrndlin xferdatal RIICI/Rl2C1 R71C2*R57C3
51 Erdfmndl in xferdatal R38C2/1. 2792-'R39C2/ R46C3*0. 25*(R29Cl-3

0.78 2)
*52 Erdfmdlir xferdatal 0.00073*R11C1*(l+R1 R73C2*R57C3

5C1)
*53 [rdfrndlin xferdataJ R78C2*(1-R13C1-Rl4C R48C3*14500

1)

54 Crdfmdliri xferdataj R77C2*(1-R23C1-R24C R75C2*R57C3
1 )

55 Erdfrndl in xferdata] R78C2*R14Cl+R77CE*R SUM(R50:54C3)
24CI

*56 Erdfrndlir xferdatal R78C2*Rl3Cl+R77C2*R R113C2*R57C3
23Cl

5.57 Erdfrndlin xferdatal R11lC1*R21C1*0. 00073 IF (R67C I= 1, 0.25, 0. 6
*(1+R8002) +RXXC1*(1 ) *R1C1/R1iCl
-R21iCI) *0. 00 07 3* (1 +

58 trdfmdlir1 xferdata] 6UM(R53:57C2) R10)3CI14

D-2 2



1 2 3
59 Erdfmdlin xferdatal R53C2*R17C1*(Rl8C1- (R25Cl/0.75)"0.41*0

32) .05+ (2)-2. 58*(-0. O
d 60 Erdfrndlin xferdatal (1-R21C1)*R11C1 R443-RSC

61 rrdfmdlin xferdatal R54C2*O.6*(R28C1-32 R6C)C3/(R3'3C3+R41C3-)

62 Itrdfrndlin xferdata] R21C1*R11CI (IF (AND (R69C1 (R3CC
3, R69C1> =R60C3), RE9
C 1, 0) +I F(R69C 1) R3OC
3, R30C3, C)))

*63 Ird adlin xferdataJ R78C2*Rl3CI*(Rl8Cl- (IF(AND(R7CC(=R30C

32)+R77C2*R23C1* CR2 3, R70O1=R60C3), R7c0
8Cl-32) C 1,0) +I F(R70C 1)R30C

3, R30C3, C)
*64 Erdfmdlin xferdataJ R57C2*O.24*(R3OC1-3 (IF(AND(R71C1(=R30C

2) 3, R7lCl)=R6C0C3), R71
C 1, 0) + IF (R71 C1) R30C
3, R30C3, C)

65 (rdfmdlirn xferdatal SUM(R59:64C2) (IF(PND(R72Cl<=R30C
3, R72Cl>=R60C3), R72
C 1, 0)+ I F(R72C I) R30C
3, R30C3, 0))

66 Erdfrndlin xferdataJ R55C2 (IF(AND(R73C1 (=R3CC
3, R73C 1) =R60C3), R73
Cl,O)+IF(R73C1>R30C
3, R30C3, 0))

* 67 Erdfmdl in xferdatal R58C2-R66C2-R68C2-R (IF(AND(R74C1 <=R30C
69C2 3, R74C1)=RG0C3), R74

Cl, 0)+IF(R74C1) R30C
3, R30C3, 0)

68 frdfmdlin xferdatal 9*((Rl9Cl*R78C2)i-R2 (IF (AND (R75C 1 (R30C
2C1*R77C2*(l-R23C1- 3, R75Cl)=R60C3), R75
R24C1))+R23C1*R77C2 C 1, 0)+IF (R75C 1 )R30C
+R13Cl*R78C2 3, R30C3, C))

69 Erdfmdlin xferdataJ (1 -R2 IC1I) *R4C0C2+0. 0 (IF(AND(R76C1(=R30CC
5*R62C2/14500) 3, R76C 1> = R60-.C3),7 R76

Cl1, 0) +IF (R76C 1) R30C
3, R3 0C3, 0))

*70 Crdfrndlirn xferdataJ SUM(R66:69C2 (IF(PND(R77C1(=R30C
3, R77C1) =R60)C3),R77*
Cl,0)+IF(R77CI)R30C
3, R30C3, 0))

71 Erdfrndlirn xferdataJ R66C2*0.2*(R32Cl-32 (IF(AND(R78C (=R3CC
3, R78C 1) =RGCC3), R78
C 1, 0) + IF(R78C 1) R30C
3, R20C3, 0)

*72 Erdfrndlir xferdata) R67C2*0.25*(R29CI-3 (IF(AND(R79C1 <R3(0C
2) 3, R79C1)=R60C3), R/3

Cl, 0)+IF(R79C1)R30C
3, R30C3, C)) )L

*73 Erdfrndlin xferdata3 R68C2*(1128+(0.455* (IF(PAND(R8C)Cl (R30CC
(R29CI-160))) 3, R8OC1) =R60C3), R80

C 1, 0)+IF (R8O-C I)R30CC
3, R30C3, 0))

D- 23
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3
74 Erdfrndliri xferdatal R69C2*145)C % IF (ANE Q8 1C I R30C

3, R8IC1>=R60C3), R81
CI,0)+IF(R81C)R3C)C

3, R30C3, C))
75 Erdfrndlir, xferdatal (R20Cl+O.t0l6)*RllC1 (IF(AND(R82C1(=R3CC

3, R82C 1) =R60C3), R82?
C1,0)+IF(RS2ClR30C

76 Erdfrndlir xferdatal SUM(R71:75C2) (I (AND3 (C =RC)

3, R83C1 ) R60C3), R83
C1,0)+IF(R83C1)R30C
3, R30C3, 0)

77 Erdfmadlirj xferdatal R21C1*Rl1C1/R79C2 (IF(AND(R84C1(=R3C
3, R84C ) =R60C3), R84
C 1,C0))+IF (R84C 0)R3C
3, R30C3, C))

78 Crdfrndlirt xferdatal (I-R21C1)*Rl1C1/Rl2 (IF(AND(R85Cl<=R30C
Cl 3, R85C1) =R60C3), R65

C1,C0)+IF(R85CI)R3OC
3,R3uC3,0))

79 Ir-dfadli, xferdata) R46C1*(l-R23Cl-R24C (IF(AND(R86C1 <R3CC
1) 3, R86C 1) =R60C3), R86

Cl, 0)-e+IF (R86Cl) R30C
3, R30C3, C))

8f0 [rdfrndlir xferdatal IF(R67C11I,Rl5C1, (R (IF(AND(R87C1(-R3cC
15Cl+R23C1+0).5*R24C 3, RB7C ) =R60C3), R87
1-R13C1-0.5*Rl4C1+( CI,O)+IF(R87C)R3OC
R25C 1/0. 75) ^0. 67*0. 3, R30C3, 0))
05)) -.

81 (rdfodl ir, xferdataJ R65C2-R76C2 (IF(AND(R88C (=R30C
3, RB8Cl>=R60C3), R88
C1,0))+IF(R88C1)R3OC
3, R30C3, 0)

82E (rdfrndlir, xferdata) R81C2/Rl1C1 (IF(AND(R89C1<=R30C

3,R69C1)=R60C3),R89
C 1,0) +IF (R89CI) R3O.-C
3, R30C3, 0))

83 Lr-dfrtidlir xferdataJ R67C2/1.2?792+R68C2/ (IF(PND(R9OC (=R30C
0. 78 3, R90Cl) =R603), R90

Cl, 0)+IF (RCl) R3C

3, R30C3, 0i)
84 Erdfridlir, xferdataJ ((RlCl-RllCl)/RlCl) ( IF (AND(R91 C 1(R3C)C

*100 3,R91C1)=R60C3),R91
C1, 0) +IF (R9C1> R30C
3~, R30C3, C)))

85 [rdfrndlin xferdata] R107C1 (IF(AND(R92Cl(-R30C
3, R92C1)=R6OC3), R92
Cl,0)+IF(R92Cl)R30C

86 Crdfriidlir, xferdataJ R112Cl (IF(AND(R93Cl(=R30C
3, R93C1 )=R6OC3), R93
CI,C))+IF(R93Cl)R30C
3, R30C3, 0))
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87 Erdfmdlin xferdata3 R53C2 (IF(AND(R94C1 (=R30C

3, R94C 1)=R60C3), R94
Cl, 0)+IF(R94Cl) R30C
3, R30C3, C))

88 rrdfmdlin xferdatal R54CE (IF(AND(R95C1(=R30C
3, R95C 1) =R60C3), R95
Cl,0)+IF(R95C1>R30C
3, R30C3, C)

89 Erdfmdl in xferdataJ R55CE (520*SUM(R62:64C3, R
71:73C3,Rl80:82C3) )+
(1C)4*SUM CR65 :70C3, R
74:-79C3, R83:88C3))

90 rrdfmdlin xferdata) R56C2 R89C3/8760
91 Erdfmdlin xferdataj R57C2 SUM(R96;10C0C3)
92 (rdfmdlir, xferdataJ R58C2 IF(R9lC3=0,0, R89C3/

R9 1C3)
93 Erdfmdlin xferdatal R59C2
94 trdfmdlira xferdata) R6OC2
95 Erdfrndlin xferdata) R61C2
96 Erdfmdlir; xferdataJ R62C2 (IF(R62C3)0, 520,0))

+ (IF (R63C3) 0, 520, 0)
+(IF (R64C3 )0, 520,0
)+(IFCR65C3)0, 104,

0))+(IF(R66C3)0,104
,0) ) +(IF (R67C3) 0, 10
4,0))

97 (rdfmdlin xferdataJ R63C2 (IF (R68C3) 0, 104, 0))
+ (IF (R69C3> 0, 104,C
)+(IF (R70C3) C), 104, 0
))+(IF(R71C3)0, 520, ..

C))+(IF(R72C3> 0, 520
0) ) + (IF (R73C3> 0, 52

0,70))
98 £rdfmdlin xferdatal R64C2 (IF(R74C3)0,104,C))

+ (IF (R75C3> 0, 10)4, 0)

)+(IF(R77C3>0, 104,0

0) ) +(IF (R78C3> C), 104
, 0) )+(IF (R79C3) 0,10
4,0))

99 R65C2 (IF (R80C3> 0, 1040, 0)
)+(IF (R8lC3) 0, 1040,
0))+(IF(R82C3)0,104
0, 0) ) +(IF (R83C3) 0, 2
08, 0) ) +(IF (R84C3) 0, .. (.

208, 0)) + (F (R85C3> 0 4

,208,0C))
100 IF(AND(R63Cl=l,R56C R66C2 (IF(R86C3)0,208,0))

1=1), 0.02,0) + (IF (R87C3) 0, 208,C)
)+ (I F(R88C3 0, 208, 0

101 IF (AND (R63Cl=), R56C R92C2-Rl00C2-RI02C2 R92C3/R30C4
1=1), C. 03, c) -RI03C2
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1 2 3
102 IF(PND(R61C1=1,R56C R68C2 R92C3/R48C2

I=()), 0. 04, 0)
103 SUM (R 100: 102C I (RI07C1*R94C2+R112C

1 *R96C2) /14500O
104 R83C2/R25C2 SUM(R100: 103C2) R25C4/R25C2
105 IF(R104CI)i, (R1C)4CI R71C2 IF(R104C3)1, (Rl04C3

106 IF(AND(RI04C1)1,R84 Rl1O1C2*0.25*CR29CJ- IF(AND(R104C3)I,R27
C2 (C), R100C 1=0. 02), 2 32) C4(0,RIOOC1=0.02),2
,1) , )

107 RI 0)3C1*Rl05C1 *RlO6C R73C2 R103Cl*R105C3*RIOSC
1 3

108 IF (AND (R1 04C 1(= 1,R8 R103C2*14500 I F (AND (R I04C3 (=1, R2
4C2)=C0), (R25C1/0.75 7C4)-0), (R35C1/0.75
).41 *0. 05i- !R84C2/ )1'0. 41*0. 05+(R27C4/

20) -*2. 58*0.. 01, 0) 20) -2. 58*0. 01 ,0)
109 IF (AND (R104C1 (=IV R8 R75C2 1F(AND(R104C3<-1,R2

4C2<0), (R25CI/0. 75) 7C4(0), (R25Cl/0. 75)
"0. 41*0. 05, 0:) -'0. 41 *0. 05, 0)

110 IF(AND(R104C1)1,R84 SUM(R105:1O9CE) IF(AND(Rl04C3)1,R27
C2)=0), ((R25Cl/0.75 C4)0O), ((R25C1/0.75 .

)",0. 41 *0. 05+ (R84C2/ )'%0. 41*0. 05+(R27C4/ '
20) "2. 58*0. 01) *(R 10 20))^2.58*0.O01) *(R1O
4C 1) -2,0) 4C3) '2,0)

Ill IF (AND (R 104C 1)1, R84 R99C2-Rl1OC2 1F(AND(R1O4C3)1,Re7
C2 (0) , (R25C 1/ 0. 75) --- C4(0), (R2e5C1/0,75)-
0.41*0.05*(R104C1)" 0.41*O.05*(RI04C3)"
2, 0) 2,0)

112 SUM(R1OB:l1Cl) RlllC2/RllCl SUM(RlO~ai1lC3)
113 RlCOIC2/1.2792+R1O2C

2/0. 78

V
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1R53C2*R26C4
2 R54C2*R26C4
3 R55C2*R26C4
4 R56C2*R26C4
5 R57C2*R26C4

6 SUM(R1:5C4)
7 R59C2*R26C4

8 R60C2*R2GC4

'9 R6lC2*R26C4

10 R62C2*R26C4
11 R63C2*R2EC4

12 R64C2*R26C4

*13 SUM(R7:12t::'4)

14 R66C2*R26C;4

15 R6C4-Rl4C4-R6C4-R1
7C4

16 R6BC2*R26C4

*17 (Rl1OC4*R29C4+R8C4*R
28C4) /14500

18 SUM(R14:17C4)

19 R7lC2*R26C4
20 R15C4*0. 25*(R29Cl-3

2)
21 R73C2*R26C4

*22 R17C4*14500
*23 R75C2*R26C4

24 SUM(R19:*23C4)
25 R113C2*R26C4

*26 R92C3/Rlli1C2

27 ((R1C1-RllC1*R26C4)
/RlC1) *1C0

*28 R107C3

2.9 R112C3

30 R13C4-R24C4
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31 RIC4*R1O1C3
32 R2C4*RlOIC3

33 R3C4*R1O1C3
34 R4C4*RlOlC3

35 R5C4*R1OlC3

36 R6C4*R1O1C3
37 R7C4*RlOlC3
38 RSC4*RlOlC3

39 R9C4*R1O1C3

* 40 RIOC4*R1O1C3

41 R11C4*RICIC,3

42 R12C4*RlOlC3

43 R13C4*RICO1C3 .

44 R14C4*R1OIC3

* 45 R15C4*RICO1C3
46 R16C4*RIC'1C3

* 47 R17C4*RIO1lC3
48 R18C4*R1O1C3

49 RlgC4*RICO1C3 \*

50 R20C4*R101C3
51 R~1C4*RI0C)IC

52 R22C4*RICO1C3

53 R23C4*R1O1IC3

* 54 R24C4*R101C3

55 R25C4*R1O1IC3

56 R43C4-R42C4+R35C4*0
24*R31C1

57 (R56C4-(116o*R46C4)
4-0. 445*160*R46C4-R5
2C4-R53C4) / (0. 2*R44
C4+0. 25*R45C4+O. 445
*R46C4)

58 R43C4-R54C4

D-28



4

59 R58C4/(R38C4+R40C4)

60 R27C2*R1C)2C3.PI
61 R28C2*RC).C3

62 R29C2*R102C3

* 63 R30C2*R102C3

64 R3lC2*R102C3

65 R32C2*RI()2C3 
-I.

66 R33C2*R1C)2C3

4-e

-C 67 R34C2*RICCO'2C34

68 R35C2*RI102C3

69~ R36C2*RIC)2C3

70 R37C2*RIC02C3 
a

71 R38C2*RlC)2C3 
I

72 R39C2*R1C)2C3

73 R40C2*RI02)C3

D-29



4 .J

74 R4lC2*R1O)2C3 %.

75 R42C2*RlO2C3

76 R43C2*Rloa2C3 9

* 77 R44C2*RI102C3

- ~78 R45C2*RIC)2C3 i-

* 79 R46C2*RIOC)23 9

80 R47C2*R10. Cx3

* 81 R51C2*RI0C)23

82 R69C4-RBCoC4

83 R82C4/R66C4

* 84

* 85

86

D-30



87

88

91
92

93
94
95
96

97

,4, ...

* 10 1
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1 2
1dfmdlln xferdatal (worki xferdat2)
(dmlnxferdataJ [worki xierdat2)

3 Erdfmndlin xferdata) (worki xierdat2)
4"~~~~~ ~ ~ ~ ~ [rfdi xedtl wrlxfra

5 trdfmdlin xferdatal (worki xferdat2J
5 (rdfmdlin xferdatal (worki xferdat2J

6 (rdfmdlin xferdata) (workl xferdat2l

7 (rdfmdlin xferdata] (worki xferdet2)

8 rdfmdlin xferdta) (worki xferdt2J
90 rdfmdlin xferdatal [worki xferdat2)

10 (rdfmdlin xferdatal (worki xferdat2J

*12 (rdfmdlin xferdateJ (worki xferdat2]13 Irdfdlinxfedets (wrki ferat%

14 Erdfmdlin xferdata) [worki xferdat2J

15 [rdfmdlii xferdatal (worki xferdat23

16 [rdfmdlini xferdatal [workl xferdet2J

j17 trdfjndlin xferdata) (worki xferdat2l
18 £rdfmdlin xferdate) (worki xferdat2J

19 Erdfzndlini xferdata] (worki xferdat2)
-0 (rdfmdlin xferdate) (worki xferdat2)

21[zdfmdliri xferdata) (worki xferdat2)

2'2 r d f r~cd1 i xferdata) (worki xferdat2]
2 I frdf ndl in xferdata) [worki xferdat2)

24 (Irdfmdliii xferdata) (worki xferdat2J

[ rdfmciliti -cferdata] (worki xferdet2]

26 [rdfutn-llin xferdatal (worki xferdat23
27 Erdfiridlin xferdatal Eworki xferdat2l

28 .rdfmdlin xferdatal (worki xferdat2J

29 Erdfrndlin xferdata) (workl xferdat2J

30 Irdfindlin xferdatal (workl xferdat2)
31 trdfmdlin xferdata) (worki xferdat2J
32 [rdfmd~in xferdae) (worki xfordat2J
33 trdfmdlin xferdata] (workl xferdat2)

34 fydfmdlin xferdatal (worki xferdet2J

35 (rdfmdlin xferdata) (workl xferdet2J
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1 2

36 Erdfmdlil xferdatal [worki ,cferdat2)

37 (rdfmdlir) xferdataJ [worki xferdat2)

38 (rdfnidlifl xferdatal [worki xferdat2J
39 trdfmdlifl xferdatal (worki xferdet2J

40 [rdfmdlifl xferdata] [worki xferdet2j

41 (rdfmdlifl xferdeae [worki ,ferdat2]

42~~~~~ ~ ~ ~ ~ Irfdi iraal[ok fra~

42 (rdfmdlil xferdata) (workl xferdat2l

43 (rdfmdlil xferdate] (worki xferdet2j

44 (rdfmdlil xferdata) Eworki xierdat2)

47 (rdfmdlil xferdatal (worki xferdat2)

46 [rdfmdlil xfer-dateJ [worki xferdat2)

47 Erdfmdlil ,ferdata] [worki ,cferdet2l

48 rdfindlifl >ferdataJ Cwork. xferdat23

4 Erdfmdlin ,cferdate3] Iworkl xferdat2)

55 (rdfmdlil xferdatal [worki xferdat2]

56pdmlnxedtl[ok fra2
51 (rdfmdlin ,cferdataJ (worki xferdat2]
52 £rdfmdliin xferdatal (worki ,cferdat2)

5(3 (rdfmdli' xferdate) (worl xferdat2)

54 Lrdjfmdlin xferdata) (worki xferdet2l

62- dli xferdatal[work xferdat2)

S6 Crdfrndlil xferdsta& (worki xferdat2)

67 [rd±Tmdlil xferdatal (worki xferdat2)

6-j Irdfmdlin xferdatal (worki xferdat2l .

66 rdfmdlirl xferdatel (worki xferdat2)

62 (r dim d 1 in xferdatel (worki xferdat2]

68 Irdfmdlin xferdata) (worki xferdat2)
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1 2

69 Erdfmdlin xferdeta] (worki xferdet2)

70 Crdfmdlin xferdatal (worki xferdat2)

71 Irdfmdlin xferdata] [worki xferdet2]

72 (rdfrndlin xferdatal (worki xferdat2]

73 frdfmdlin xferdata) [worki xferdat2)

74 (rdfmdlin xferdata] (worki xferdat2J

75 (rdfmdlin xferdetal (worki xferdat2J

76 (rdfmdlin xferdatal [workl xferdet2l

77 (rdfmdlin xferdata] [worki xferdat2J

78 frdfrndliri xferdataJ (worki xferdat2)
79 Erdfmdlin xferdata) [worki xferdat2)

80 frdfrndlir xferdata) [worki xferdat2J

81 frdfrndlin xferdata) (worki xferdat2)

82 trdfrndlin xferdatal tworki xferdat2l

83 (rdfmdlin xferdata) [worki xferdat2J

84 Erdfrndlin xferdatal (worki xferdat2J

.85 Erdfrndlin xferdatal (worki xferdat2)

86 Erdfmdlin xferdata] (workl xferdat2)

87 Erdfmdlin xferdatal (worki xferdet2J

88 Erdfmdlin xferdatal (worki xferdat2j

89 Irdfnvilin xferdatal (worki xferdat2l

90 (rdfmdlin xferdetal (worki xferdat2J

91 (rdfmdlin xferdata) (workl xferdet2]

927 Irdfmdlin xferdeata] (workl xferdat2J

I3 rdfmdlin xferdatal (worki xferdat2J

q4 IrdfrndI-n xferdata) (worki xferdat2J
95 frdfmd1in xferdatal 1worki xferdat2J

q6 Irdfmdlin xferdatal (worki xferdat2) SS*

97 fIdfmd>lrn xierdatel 1workl xferdat2J l*..

98 Erdfzndlin xferdatal (worki xierdet2)

(worki xferdet2l

100 (worki xferdet2J

101 (worki xferdat2)
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1 2

102 [worki xferdat23

103 (worki xferdat2)

104 (worki xferdat2)

1,05 (worki xferdat2)

106 (workl xferdat2J

107 Cworkl xferdat2j

%
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3 4

1 (worki xferdet33 1workl xferdet4)
%2 tworkl xferdat3) [worki xferdat4l

3 Cworki xferdat3) (worki xferdat4J

4 Cworki xferdat3l Iworki xferdat4)
5 worki xferdat3) Iworki xferdet4j

6 (worki xferdat3) rworki xferdat43

7 (worki xferdat3] (worki xferdat4j

8 1worki xferdet33 1worki xferdat4J
9 (work!. xferdat3) (worki xferdat4J

10 [workl xferdat3) 1worki xferdat4J

11 Ewjr-ki xferdat3) rworki xferdat4)

12 twor-ki xferdat3) tworki xferdst4j

13 Eworkl xferdat33 Iworki xferdet4J

*1'1 [workl xferdat3j [worki xferdat4J

1 5 Cworkl xferdat3] (worki xferdet4J

*16 [worki xferdat3) (workl xferciat4]

17 Cwoi-kl xferdat33 (worki xierdet4J

18 tworki xferdat3) [worl xferdat4J

19 (worki xferdat3) (workl xferdat4)

20 :workl >ferdat33 tworki xferclet4]

21 [workl xferdat3l (worki xferdat4J

2-, tworki xferdat33 Iworki xferdat4j

,3 :wcorkl xferdet3J (worki xferdat4)

24 1worl xferdat3] (wrk xferdat4]

25 [workI xferdat32 (worki xferdat4]

26. (worki xferdat3] (workl xferdat4)

27 -Cworkl >ferd.st3] (worki xierdat4j

IL28 Lworki xferdat3] Iworkl xferdat4)

-[ wo.rKU xferdat3] [worki xferdat4)

?0 (or k I xferdat3) [worl xierdat4l

31 [worki xferdat3j (worki xferdat4J

*32 [workl xferdat33 Iworki xferdat4] p
33 workl xferdat3] [worki xferdat4)

p 14 [workl. xferdat3) (workl xferdat4)

[ workl >,ferdat-- (workl xferdat4)
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3 4

36 [worki xferdat3j [worki xferdat4)

37 [worki xferdat3J [worki xferdat4]

* 38 (worki xferdat3j [worki xferdat4l

- 39 Eworki xferdat3) (worki xferdat4)

* 40 Eworki xferdat3l (worki xferdat4]

* 41 Eworki xferdat3) Eworki xferdat4)

42 (wo~rki ,ferdat33 (worki xferdst4i

K43 [worki xferdat3) [worki xferdat4J

44 rwrk xferdat3] IEwo rki1 xferdat4J

45 'workl xferdat33 Eworki xferdat4]

46 [worki xferdat3] Eworki xferdat4)

* 47 [worki xferdat3] Eworki xferdat4j

* 48 (worki xferdat3l Eworki xferdat4l

Ic '1(worki xferdat33 [worki xferdat4)

5 0 Eworki xferdet3) (worki xferdat4j

51 [worki xferdat3l [worki ,ferdat4)

1 2 1worki xferdat3) (worki xferdst4]

*53 iworki xferdat3j (worki xferdat4)

54 Eworkl xferdat3J (worki xferdat4l
'5 5 [work 1 xferdat3] (worki xferdat4j

56 Eworki xferdat33 (worki xferdat4l

57 rworkl xferdat3) (worki xferdat4]

58 1worki xferdat33 (worki xferdat4)

59 [workl xferdat3] Eworki xferdat4l

60 [worki xferdat3J Eworki xferdat4J l

.F61 Eworki xferdat3] Eworki xferdat43

k-2 [worki xferdat33 [worki xferdat43

63 tworki xferdat3J (worki xferdat4)

64 [worki xferdat3] (worki xferdat4)

65 [worki xferdat3) tworki xferdat4)

66 (worki xferdat3) Eworki xferdat4)

*67 [worki xferdat3) (worki xferdat4)

68 [worki xferdat3l Eworki xferdat4]
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3 4

69 tworki xferdet3l tworki xferdat4J

70 [workl xferdat3] (worki xierdat4J

7! [worki xferdat3) [workl xferdet43
-7 wrlxferdat3J [workl xferdat4]
7-' wrlxferdat3J (worki xferdat4l

74 [worki xferdat32 (worki xferdat4]

75 work1 xferdat3J (worki xferdat4J

76 [worki xferdat3l [worki xferdat4)

7 7 worki xferdat3l (worki xferdat4l

78 worki xferdat3J (worki xferdat4j

79 Siworki xferdat3] [workl xferdat4]

80 [worki xferdat3) [workl xfordat4J

*83 [workl xferdat3J (worki xferdat4]

84 [worki xferdat3)

85 7workl xferdat3) R26C4*R25C4/R25C2

t6 [worki xferdat3] R52C2*R90C3/R48C2/R26C2
Lk7 (orki xferdat3l
38 tworkl xferdat3)

-:j fworli ,ferdat3j

90) [worki xferdat3l
31 [worVki xferdat3l

*92 -'worki xferdat3l
93

* 94
* 95

, 16 MIN(R6C5,R2C5)
97 IF(AND(R6OCl11.R57C1=0) ,

R96C4/50000000) O. 263*162
307,0)

48 IF(AND(R6lCl=l.RS3CI=1).(

R96C4/150000000) '0. 263*20
5850.0)

3Cl~l) *(R96C4/150000000)-
0.263*205850,0)

* juc'IF(AND(R6lC11l,R6301=0).(
R96C4/50000000) '0.389*273
011,0)%

i 0i IF(AND(R57C11.R60C11I,R6
3Cl=0) *(R96C4/50000000) -O

.389*273011,.0)

5%%
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3 4
102 IF(R25C3>=1. 1*R25C2, ((Rl5

03+R16C3)/1000*1 .3*(R25C3 .

/R25C2*R96C4/R2C5) ̂ 2) -0.8
86*606,0)

103 (5/R26Cl*R21C1/0. 2*R96C4/
150000000) ̂ 0. 39*94800

104 IF (R47Cl1O0. 0170*R96C4/
1000,0)

105 IF(AND(R49C1=l,R48C1=0),0
.01*70*R96C4/1000,0)

106 IF(AND(R49Cl=1 ,R5OC1=0) ,0
* 15*70*R96C4/l000.0)

* 107 IF (R59C120 ,0.08*70*R96C4/
1000,0)
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t b. tW - - - - - -- - -. -1-I--------- -.- -. R. -rr r - -r r

1 R58C4
R30kC3
k 60C3

4 R31C3
'R58C4/ (R38C4tR4OC4)

C6 MAX'(R69:95C1)
7I(R8C-R30C3)/R48C2>=0.(R4

8C2-R3':Gl3' /R48C2.0)
8 R38C4 R4OC4
9 R40C4/(R79C2*2000)

10) R382A/R12Cl
11 R44C4'R'i7C4
12 R47C4/Rl1C5
13 (R97C1/(l-R21C5))/(R26C5/(R2C

""1O0000))
14 R26G5*Rl3C5*(l-R21C5)
..5 R14C5*iC'CiOOO/(R8C3+RIOC3)
16 R26C5*RlC5*100OO0/(R8C3+Rl0

17 R35C4

-8 R17C5/4.5
I'? R'45C4-R46C4
20 R25C-4*R26C4* (R29C1+460)/1969
21 (1-( (IF(R53C11l.0.O1.))*(IF(

,.0.05.1) )(IF(R56C11l.0.l5.1)

-,2 IF(Rl5C5>R42C1.1.0)
2,3 0.00052*R'33C1*R35C4
?4 (Rl9C5/1000-l.3.R33C1 )*(IF(R8

5C4<=l.(R85C4)CJ.5.(R85C4)^2)

055-101115/8760

I7 R28C5*8320wR40C1*R44C1
-8 k(R48C2/200000000)^C.58)*((IF

(R60C1,13*(R2lCl/0.2)-O.33.O
S))-(IF(R61C11l.4(R2lCl/O.5)-
* 0. 22. D))

2~ RIOC5*R34CI
30O R9C5*R27C1
31 R11C5/2000*R35Cl
32 R91C?*R?4C5 v

* 3 (IF(R51C=1.0.46.0.'J)36)*R5

(R65C4>1 ,R22C2/1000'70*O.015w
t(R85C4)-3-1)*Rl1C5/(Rl4C2+Rl
i C2) *

34 (rF(R60Cl1 .0.8.0)) (IF(AND(R
* 61,C1=1 .R6?C1=l .O.76,O))-(IF(

AND(FR61C1=1.R63C1=0).0.72.O))
*R32C5'R1C5
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5 6
36 (SUIMtR23:25CS))*R32C5
37 R.29C5*R32C5
38 R3OC5*R32C5
39 R31C5*R32C5
40 IF(R57C4<2500,1,0)
41 R16C5*(IF(R22C5=1,.1-(IF(Rl7C3

.(R17C3-R14C3)>O.21 .0.985,0.9
9)).1))

42 !F(R67C1, 0.25,1)*((5/R26C1*
R9e,C4-R9C5/R1C5*R36C1*24/40)-
1).39*672000)

4:? lF(R37Cl<=0.0189.0,(5/R26C1*R
* 21Cl/C,.!*(R96C4/150000000))-O

274*R37C1/0. 25*1125000)
44 IF (AND(R37C1 <=0.0189,R37C1=0)

.O.(5/R26Cl*R21CI/0.2-(R96C4/
* 100000000)) -0.508*64923)

.2*R96C4/100000000) "0.368*259
691) ..

46 IF(AND(R59C1=1,R26C5<=(1 .25*R
936C1) ) 0,10)*(R96C4/100000000
*R21C1 /0.2*R26C5/R9C5/2000) 0

* .261*32461
47 IF(P15C5>R42C1,((IF(R17C3/(Rl

' C3-R17C3) >0.21,1.25,1)) *(782
* 20+3.747*R25C3*(R29C14+460)/19

G0*R9GC4/R2CS)) ,0)
48 SUM R97:101C4)
'i9 SUM(R42:48C5)
50 N49C5*1.32
5 1 R39C1
52
53 R39C5±R38C5+R37C5+R36C5+R33C5

+ R27C5 *R58C5

54

55 R54C5w 1000000/R35C5
5Df, (R98C5 R57CS)*R39C1)/(R5OC5/

(R3 5C5/1000000))
'5 7 R53C5* 1000000/R35C5
58 IF(R65C11.R32C5*R9C5*14*R33C

1 .0. 1G5*R32C5*R9C5,0)
R36,38C5/R27C1

*OP6204t
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56
69 IF(R~lC2/R25C2(=2, (R~lC2/R25C

2) ^1.44*0.368.1)
70 R82C5*R69C5. (l-R77C5)

71 R70C5*1000000/(R36C2)
72 R62C5*R69C5*100O00O0/(R36C2) 

-

73 R63C4
*74 R73C5/4.5

75 R71C4-R72C4
76 R90C3*(R51GZe/R46C2)-(R29C1+46

0) /1960

* 77 R21C5 ~-
78 IF(R71G5>R42C1,..)
79 o.00052*R33C1"R63C4
80 (IF(R64Ci=1,1 10) )9(R57C5/iOOO

*l.3*R33C1)w(iF(R86C4<=1. CR86

C4)'^0.5, (R86C4)^2))

i 10
82 R40C2-R37C2
83 R84C5*8320*R4OC1*R44C1
84 ((R48C2/2CIC000C00)-0.58)*((IF

75.0)))
85 R66C5*R34C1l

86 !R67C5,200C)*R35CI
87 R91C31R88C5
88 IF(R4IC1=0, (IF(R60Cl=1.O.95.O

'U .903.0)) * CIF(ANIb(R61C1.R6.3C

=0 ).0.855.uo' .R41I) %

*89 R87C5*REOC:5
90(SM(R*79*8IC5))*R87C5

91 R85C5-R87C5
92 R86C,5-R87C5
93 R43CI*R45CI
9i4 R511C5
95 R92C5-R91C5 -R9C'Cv-5*R63C5
96 R95C5
97 R96' 1000 P8?'CO) 91-5

-98 R95C5 101-00001/R69C5 '

99 ('R451(R4,3C 1/2) '.avoided disposail cost"

* 00 (P85Rl102C5) R39C 1/(R50C5/ **sir w/disposal credit" U

R 351-5 / 10L00000))
11 e..

!01 R53C5-R99C5 -O&14 w/disposal credit"

D-44~
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IRV -V .\%--* j. .. * *

5 6

102 RlO1C5*ioooooo/R35C5 "O&11/mynBtu w/disposal cre

dit"

* 103

104

105

106

107

D-45
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OUT1

1 2 3 4
1 115 "THE INFORMATION ON

LINES 17-105 REGAR

* 2 R-1JC.D THE ORIGINAL"
2 RE11C+"BOILER DESIGN AND

1 THE FUEL FOR WHICH
THE"

3 R(-1JC+ -BOILER WAS DESIGNE

1 D. DCF MEANS DESIGN

CONVENTIONAL FUEL".
4 RE-1JC+

5 RE-1JC+ -THE INFORMATION ON

1 LINES 151-172 REGA

RDS THE CONVENTIONA

*6 R(-1JC+ "FUEL CURRENTLY BEI
1 NG UTILIZED IN THE

BOILER. THE DESIGN

7 R[-1)C+ "AND CURRENT FUELS

1 ARE NOT NECESSARILY
THE SAME. NEITHER

* ARE"
8 RC-11C+ "THE AMOUNT OF FUEL

I HEAT VALUE ORIGINA
LLY INPUT (NAMEPLAT ~'
E AND-* /

9 RC-1)C+ "DTOTHHVCF) AND THE

*1 MAXIMUM AMOUNT OF
FUEL HEAT VALUE CUR

RENTLY"

*10 RE-13C. "INPUT AT 1001% MCR

1 (TOTHHVCF)."

11 RE-1JC+

12 R(-11C+

*13 RE-1JC+ - - - - - -

*1 - - - - - - - - - - - -

14 R(-1JC+ "NCR FLOWS USING OR

1 IGINAL DESIGN CONVE
NTIONAL FUEL (DCF)

ONLY W/OUT RDF"

15 R(-1JC* *

16 R[-1JC. "IN"

1 .' Rp.C+- , LB H-

*18 Rt-l]C+

D-4 7
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19 RE-11C. **DCF SH 2AF S.c

20 R(-1JC* -DCF HHV !4AF"

21 R(-1JC+ "ASH" R2C1O * .

22 R(-1JC. "H20 LIQUID" R3C10

23 R(-1]C+ -AIR.CP-.24- R4CIO

24 RE-11C+ -DPC,CPw.25"

25 RE-13C4 "H20 VAPOR"

26 RE-13C+ "CARBON, HHV ONLY"

27 R(-lJC+ "LOSSES"

p28 R(-l]C+ -TOTALS" R5C1O

*29 R[-1JC.

*30 RE-1]C+ "ENTHALPY TRANSFERE
1 DTO STEAMNUSING DC

F"
31 RC-lJC+ "BOILER EFFICIENCY

1 ESFROK FURNAC W/ DT

34 R(-1JC. "MASS FLOWRATE OF C

CF

34 RE-1JC+ -MACR FLOW USIOG C
I 1 RENT CONVENIONAL D

35 ~ ~ U RDF' "- - -- - - -- - -

%38 RE-13C+ "IN"LOSUSNGC

39 ~ ~ U R[1JD"KFB\R

40 RC-1]C+

D-48



*12 3 4
41 RE-l]C+ -CF Sit MAF- R27C10

1
42 R(-13C+ "CF HHV MAF-

43 R(-1JC* "ASH" R28C10
1

44 RE-1JCi "H20 LIQUID" R29C10

1'°

45 R[-1JC+ -AIRCP=.24- R3OC1O

1 4"',-'-

*46 RE-1JC+ "DPC,CP=.25'*

47 R[-1]C+ "H20 VAPOR"

48 R[-1JC -CARBON, HHV ONLY-

49 R[-1C "LOSSES"

50 R[-1]C "TOTALS- R31C10

1 .*

51 R-I RC+
1 ' %

52 R[-1]C+ "ENTHALPY TRANSFERE
1 D TO STEAM USING CF

53 R[-1)C+ BOLIER EFFICIENCY
*1 USING CF, A FRACTIO

54 R[-I]C+ "MASS FLOWRATE OF C
1 F-

55 R[-1]C+ "VOLUMETRIC FLOWRAT
1 E FROM FURNACE W/ C

F"
56 R[-1]C+ "MASS FLOWRATE OF C

1 OMBUSTION AIR W/ DC
F**

57 R[-13C+ - - - - - - - -

58 R[-1]C
1

59 R[-1C "THESE CALCULATIONS
1 REPRESENT AN ITERA

"'IVE PROCEDURE"
60 R(-1]C "BY MEANS OF WHICH

1 COFIRED MCR CAN BE ,.
DEVELOPED. THE BES

61 R(-1]C- -APPROXIMATION OF C
I OFIRED MCR IS ON LI

NE 268"

D-49
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12 3 4
62 R(-l]C+ -RDF COFIRING FLOWS

1 * ZEROTH ITERATION,
CURRENT CONVENTION
AL FUEL AND RDF*

63 R[-1]C.

64 R(-lJC+ 'IN..

65 RE-1JC. *4N, LB/HR-

66 R(-1JC+

67 R(-l)C*

68 R(-XJC. "CF SH MAF" R53C10

69 R[-1JC+ "CF HHV MAF"

70 R(-13C. -RDF SH MAF" R54CI0
1

71 RE-1)C+ "RDF HHV MAF"

72 RE-J+ AH R55C10

73 RE-1JC- "H20 LIQUID- R56CIO

74 R(-1)C. '*AIR,CP=.24** R57CI0

75 R(-1JC. "DPC,CP=.25**

76 RE-11C+ "H20 VAPOR"

1

78 R(-1JC+ "LOSSES"

79 R(-1]C. "TOTALS" R58C10

80 RE-1]C'-

81 Rt-13C+ "MASS FLOWRATE OF A

1 S RCVD RDFD QIT-
82 R(-1JC. "MASS FLOWRATE OF C I

1 F, OIT"
83 R[-1JC+ "HIGHER HEATING VAL

1 UE OF RDF, AS-RCVD"-
84 RE-1JC. "FRAC EXCESS AIR RE

1 QD FOR RDF COMBUSTI
ON

85 RE-1JC+ -ENTHALPY TRANSFERE
1 D TO STEAM, 0IT"-

86 R(-1]C. "BOILER EFFICIENCY,
1 A FRACTION, 0O1T"*

D-50



2 3 4 ~ - ~.* -. VV T '~-- ---- ~ - I.C ' I r -

87 RE1 C "V L M T I * -. *- --. - c*R*p.' .Tt

1 2 3 4
87 RE-1]C+ "CAO LOET AC LWATF

1 EA F F FUAEL W/C

"pE.

90 RE-11C+ "CARBON LOSS AS A F
1 RAC OF RDF FUEL VAL

UE.
91 R(-1JC - -- - - - - - - - -

*92 R(-1]C+
1

93 RE-1JC+ "RDF COFIRING FLOWS
* 1 ,FIRST ITERATION,

CURRENT CONVENTIONA
L FUEL AND RDF-

94 R[-l]C.

95 R[-lJC+IN

96 Rt-1JC+ --M, LB/HR"-

97 RE-11C.

I98 RE-1)C+ -CF SN MAF- R87C10

*99 R(-1]C+ -CF HHV MAF"

100 R(-l]C+ **RDF SH MAF- R88C 10
- 1

101 RE-13C+ *RDF HHV MAF-

102 RE-1JC+ "ASH" R89C10

*103 R(-1]C+ "H20 LIQUID" R9OC1O

104 R(-lJC+ "AIR,CP=.24" R91CIO
p. 1

105 RE-11C+ "DPC,CP=.25"

106 R[-11C+ -H20 VAPOR"

107 Rf-l]C+ "CARBON, HHV ONLY" -

108 R(-1JC+ "LOSSES"

I D-51
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• .

N*, *7

1 2 3 4 %

109 RC-1]C+ "TOTALS" R92C10
1

110 R[-11C.

111 R[-1C+ -ENTHALPY TRANSFERE
1 D TO STEAM ,1 IT"

112 RE-1]C "BOILER EFFICIENCY,

1 A FRACTION, 1 IT"
113 R[-1]C "VOLUMETRIC FLOWRAT

1 E FROM FURNACE, 1 I

T"*

D-52
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7-- 1777 r F r , V.r r c r- -.

5 7

2 -,,

3

* 6

- 7

* 9

* 10

12

* 13

14

is

.. OI "UT. .. UT..
16. **N

I 1 "E, BTUH- --M, LB/HR- -E, BTUH"

*18%

D- 53
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19RCO 5 6 7

20 R7ClO

21 RIICIO R16CIO

22 R8C10

,. ' ".

23 R9C10 :
24 R12C1O R17CIO

.- -° -°'- °

25 R13CIO R18CIO

*26 R14CIO R19CIO

27 R2C-.

28 RIOClo R15c1o R21ClO

29

30 R22CR7C1 '0TUH

31 R23C10 so 6 Vs"

-32 R24CI0 "LB/HR"

33 R2C1O ACFN"

34 R26C10 "LB/H"

35

* 36

* 37

38 "IN" "OUT- "OUT"

39 "E, BTUH" "M, LB\HR* "E, BTUJI"

40

D-254
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.TA W-

5 67

41 R32C10

* 42 R33CI0

*43 R37C10 R42Cl0

44 R34C10

45 R35C10

46 R38C10 R43C10

47 R39C10 R44CIO

48 R4OC1O R45C10

49 R46C10

50 R36CIO R42C1O R47C10

- 51

*52 R48C2O "BTUH *

*53 R49C10 "NONE"0

-54 R5OC1O "LB/HR"

55 R51C1O "ACFMO"

*56 R52C10 *LB/JIR"

57

* 59

4 60

61.

D- 55



5 6 7
62

63

64 "IN" *'OU* "OUT"

I.

65 "E, BTUH" '°M, LB/HR. "E, BTUH""

66
"- %- ,

67

68 R59C10

69 R60C1O

70 R61CIO

71 R62C10

72 R66CI0 R71CIO

73 R63C10-

74 R64C10

75 R67C10 R72C10

76 R68C10 R73C10

77 R69C1O R74C10

78 R75C1O

79 R65C10 R70C10 R76C10

80

81 R77C10 "lb/hr"

82 R78C10 "lb/hr"

83 R79C10 "btu/lb"

84 R8OC1O NONE "-

85 R81C10 "btuh"

86 R82C10 none

D-56
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5 6 7

87 R83C10 "acfm"

88 RB4C10 "percent"

V..

89 R85C10 "none"

90 RS6C1O "none"

91

V5

92

93

-~ 94

95 "IN" "OUT" "OUT"

96 "E, BTUH -M, LB/HR- -E, BTUH"

97

98 R93C10 N.

99 R94C10

10C R95C10

101 R96CI107

102 R10OC1O R105C10

103 R97C10 S."

104 R98C10

105 R101C10 RIu6C1O

106 R102C10 R107C10

107 R103C10 R108C10

' 108 R109C10 5"

D-57 ",



5 6 7
109 R99C10 R104CIO R11OC10

FI
110

11R111CIO *GBTUHO

112 R112C1O StRONESI

113 R113ClO *OACFM'

D-58~



8 91

1 [worki xferdat2J

* 2 (worl xferdat2J
A

3 (worl xferdat2l

*4 (worki xferdat2]

5 (workl xferdat2]

*6 (worki xferdet2l

*7 [worl xferdat2J

8 (worl xferdat2J

9 [wokl xfrdat,

10 [worl xferdat2)

* 10 (worki xferdat2]

12 (worki xferdet2]

12 (worki xferdat2]

15(worki xferdat2) -

14 (worki xferdat2J

17 (worl xferdat2j

18 (worl xferdat2J

*D- 59



8 9 210
19 Cworkl xfordat2l

20 (worki xfordat2l

21 Eworkl xfordat23

- 22 Cworkl xfordat2l

23 Eworki xfordet23

24 (worki xfordat23

25 tworki xfordat2l

*26 1worki xfordet23

27 Eworki xfordat2J

28 (worki xfordat23

29 [worki xfordet2)

30 Eworki xferdat2l

31 Eworki xferdat2l

32 (worl xfordat23

33 [worki xferdat23

34 (workl xferdat2l

35 (workl xfordat23

36 (worki xfordat2J

*37 (worki xfordat2l

38 (worki xfordat2J

39 [workl xferdat2]

40 [worki xfordat2i

D-60



8 9 10
41 [worki xferdat2J

42 [workl xferdat2j
42 V

43 [workl xferdat2)

44 [workl xferdat2J

45 [workl ,ferdat2j

46 [worki xferdat2j

47 (worki xlerdat2J

48 (worki xferdat2]

49 (worki xfez'dat2J

50 (workl xferdst2J

51 (worki xferdat2J

52 (worki xfordat2J
2I

53 (worki xferdat2J

54 (worki xferdat2J

55 (worki xferdat2J

56 (worki xferdat2l

57 [worki xferdat2j

53 (workl xferdat2l

59 Eworki xferdat2J

60 (workl xferdat2J .

61 (worki ,ferdat2]

D-61 --



8 9 10

62 Eworki xfordet2)

63 Cworkl xfordat23

64 Eworki xfordet2j

65 Cworkl xfordet2l

66 Eworkl xfordat2J

p67 [workl xfordat23

*68 Eworkl xfordetUl

69 Cworkl xfordat2l

70 (worki xfordat2l

71 [worl xfordat23

72 [worki xfordat23

73 Cworkl xfordst2i

74 Eworkl xfordat2l

75 [worki xfordat2l

i76 Eworl xfordat2l

.577 Eworki xfordat2l

.78 (workl xfordst23 - 5

79 [worki xfordat23

80 Eworkl xfordat23

*81 [worki xfordat2l

b82 [workl xfordat2j

83 [worki xfordet23

84 [workl xfordat2l

85 [worki xfordat2)

86 (worki xfordat2J

D-6 2



-J is 71 -7 'N 1:6 O-. -.-. 3--

89 10

87 (workl xferdat2]

88 [worl xferdat2J

89 (worki xferdat2)

90 [worki xferdat2J

91 (workl xferdat2]

92 (worki xferdat2]

93 (worl xferdat2]

94 (worki xferdat2]

95 Eworki xferdat2)

96 [worki xferdat2J

97 [worki xferdat2J

98 (worki xferdat2]

99 (worki xferdat2J

100 [worki xferda2

101 (worki xferdat2]

102 [workl xferdat2j

103 (worki xferdat2J

104 (worki xferdat2J

105 (worki xferdat2J

106 [worl xferdat2)

107 (worl xferdat2J

108 (worki xferdat2]

D-6 3



89 10
109 [workl xfordat2J

110 (workl xf'.rdat2]

111 Cworkl xfordat2J

112 Cworkl xfordet2j

113 (workl xfordet2J
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- r-W"3,:- * '- - r r .. . -.v " ~ ~

OUT2

I! -

2 3
1 232 "THE FOLLOWING TABLES

REPRESENT THE LIMITS
OF STEAM PRODUCTION
BETWEEN"

2 R[-1JC "WHICH RDF MAY BE COF
1 IRED. THESE ARE THE M

CR (MAXIMUM CONTINUOU
S RATING)"

3 RE-1]C' "AND THE MAXIMUM COFI
I RED TURNDOWN."

4 RE-1]C

1 4 .

6 R[-1]C+ "MCR WHILE COFIRING R
1 DF AND CURRENT CONVEN

TIONAL FUEL:"
7 RE-1C+"

8 RE-13C. 
,+.

9 RE-1]C) .7

10 R[-1]C+

11 R[-1]C -CF SH MAF"

12 R[-1]C "CF HHV MAF"1

13 R(-1]C "RDF SH MAF"

14 R[-1]C+ "RDF HHV MAF"

15 R[-1JC+ "ASH"
* 1

16 RI-13C + "H20 LIQUID"

17 R[-1]C+ "AIR, CP=.24"

18 R[-1]C+ "DPC, CP=.25",

19 R[-1]C+ "H20 VAPOR"

20 R[-1]C+ "CARBON, HHV ONLY" r....

21 R[-1]C "LOSSES"

22 R1-1]C. "TOTALS"
1

D-66
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1 2 3 .A

23 RE-11C+

24 Rt-l]C+

25 RE-13C+ "MAX ALLOW VOLUMETRIC

1 FLOWRATE FROM FURN"

26 RE-1JC+ "RATIO OF VDOTIICR TO 
f

1 VDOT1"
27 RE-1JC+ "CARBON LOSS AS A FRA

28 C OF CF FUEL VALUE"

28 l-lC+"CARBON LOSS AS A FRA

1 C OF RDF FUEL VALUE-

29 Rf-1JC, "MAXIMUM CONTINUOUS R

1 ATING WHILE COFIRING"

30 R[VJCI "BOILER EFFICIENCY AT

1C WHILE COFIRING"

----------------------------------

32 RC-1)C+ "MAXIMUM COFIRED TURN

1 DOWN, RDF AND CURRENT

CONVENTIONAL FUEL:"

33 RE-13C'-

34 Rt-l]C+

.35 R[-13C+

36 R(-1JC+
1

37 R(-1]C+ -CF SH MAF-

3 8 R(-1JC+ "CF HHV MAF-

39 R[-1)C+ -RDF SH MAF-

40 RE-1]C+ "RDF HHV MAF"

I1 RC-13C+ -ASH-

4 2 R[-1IC+ "H20 LIQUID" A

43 C ],4 A1TR. CP'.24-

45 Rl-lJC -H20 VAPGR-

4 6 RL-lJC- "CARBON, HHV ONLY-

i7 RC-liJC- "LOSSES"

D-6 7



*~ .

12 3
48 RE-1JC+ *TOTALS"

1
49 RE-1JC+

50 RE-1JC+ "VOL FLOWRATE FROM FU
1 RNACE AT MMAX TURNDOW

N.
51 RE-1)C+ "XXX TIMES RATIO OF D

1 TOTHHVCF TO TOTHHVCF"
52 R[-1JC- -CARBON LOSS AS A FRA

1 C OF CF FUEL VALUE"
53 RE-1JC+ "CARBON LOSS AS A FRA

1 C OF RDF FUEL VALUE"
54 R(-lJC+ "MAX TURNDOWN COFIRED

*1 STEANRATE, BT STEAM"
55 RE-1JC+ "BOLIER EFFICIENCY AT

1 MAX COFIRE TURNDOWN"
56 R(-1JC. - ---------------

*57 R(-1JC. "LINES BELOW SHOW THE
1 AMOUNT OF COFIRED ST

EAM WHICH AMY BE"
58 RE-13C- "SUPPLIED BY SHIFT, D

1 AY, AND SEASON. IT A
LSO RESULTS IN HOURS.

59 R(-11C+ "THE TIME PER YEAR TH
1 AT COFIRING TAKES PLA

CE IF AVAILABILITY WE
RE"

*60 R(-1JC. -100% AND REALDOT, AN
1 AVERAGE ANNUAL COFIR

ED STEANRATE AT 100%"
61 R(-1]C. "AVAILABILITY."

1
62 RC-1JC+

63 RE-13C+ SUMMER STEAM SU
1 PPLY, COFIRED, AVERAG

E HOURLY, BTUH STEAM:

64 R[-l]C+

65 RE-1JC+

66 RE-11C+ "MON-FRI"

*67 RE-1JC+ 44SAT"9

D-68



2 3-

68 RE-lJC+ 0

*69 R(-1)C.

70 RE-11C+ ' WINTER STEAM SU
I PPLY, COFIRED, AVERAG

E HOUF.LY. BTUH STEAM:

-71 R[-1]C+

~2 RE-1]C+
1

73 R(-1JC+ "MON-FRI"
1

74R-lC "SAT"
* 1

*75 RE-1)C+ "SUN"

76 Rf-l)C+

77 R(-1]C+ "SPRING/FALL STEAM SU
1 PPLY, COFIRED, AVERAG

E HOURLY, BTUH STEAM: ~

78 RC-1]C.

* 79 RE-1JC-

8G RE-1)C+

81 R(-1JC+ "MON-FRI"

82 R E-13C- "SAT"

83 R(-1]C+ "SUN"

84 Rt-IJC+- "TOTAL ANNUAL STEAM S
1 UPPLIED COFIRED"

85 R[C- 1)C 4 "AVG COFIRED STEAM SU
1 PPLY RATE, THEORITICA

L"2

86 R(-1]C+ "HOURS/YR COFIRING AS
1 SUMING 100% AVAILABIL

ITY-
87 RC-1]C+ "REAL AVG HOURLY COFI

1 RED STEAMRATE"
88 R[-1JC+

89
'90

91
*92 D-69
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30 R82C12 "SOLID RESIDUE GENE
RATED, MAX HOURLY A
T NCR"

31 R83C12 "ANNUAL LABOR COST, .. -. ,
BURDENED" . ..- '.

32 R84C12 "OPERATORS PER SHIF
T"

33 R85C12 "CONVENTIONAL FUEL "

COST, AVERGAE"

34 "NA" "RDF FUEL COST, AVE
RAGE"

35 R86C12 "ASH DISPOSAL COST,
AVERAGE"

36 R87C12 "OPERATING HRS/YR I
N COFIRED STEAM SUP
PLY RANGE"

37 "NA" "INCREMENTAL MAINTE
NANCE COST, ANNUAL"

38 R8SC12 "AVAILABILITY, FRAC
TION"

39 R89C12 "ANNUAL STEAM PRODU *.*

CTION, NET"
"RELATIVE ELECTRIC
POWER ANNUAL COST"

41 R91C12 "ANNUAL CONVENTIONA ,
L FUEL COST"

42 "NA" "ANNUAL RDF FUEL CO
ST"

43 R92C12 "ANNUAL ASH DISPOSA
L COST"

D-101
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4"

4 5 6
44 R93C12 "ANNUAL MSW DISPOSA

L COST"
45
46 "'NA.. "FURNACE COLD (MAKI

NG CO & SMOKE) IF =

47 "NA" "NEW MAX EMISSIONS
RATE W/ NEW CONTROL
DEVICE"

48 INCLUDED IN CAP
ITAL COST"

49
50 "NA" **BARE CAPITAL COST

OF STORAGE SUBSYSTE
N" -'-

51 "NA" "BARE CAPITAL COST
OF LONG MECHANICAL
CONVEYOR"

52 "NA" "BARE CAPITAL COST ,.%
OF SHORT MECHANICAL
CONVEYOR" -'. "

53 "NA" "BARE CAPITAL COST
OF RDF DELIVERY SYS
TEN"

54 "NA" "BARE INCREMENTAL C
OST OF ASH HANDLING
SYSTEM"

55 "NA" "BARE INCREMENTAL C
APITAL COSTS FOR EM
ISSIONS CONTROL"

56 "NA" "BARE INCREMENTAL C
OST FOR BOILER MODI
FICATIONS"

57 "NA" "BARE TOTAL INCREME
NTAL CAPITAL COSTS"

58 "NA" "BURDENED TOTAL INC
REMENTAL CAPITAL CO
STS"

59 R94C12 "CAPITAL RECOVERY F
ACTOR"

60 "NA" "ANNUALIZED COST OF

CAPITAL"
61 R95C12 "TOTAL ANNUAL O&M C

OST"
62 R96C12 "TOTAL ANNUAL COST

INCLUDING COST OF C "
APITAL"

63 R97C12 "TOTAL COAT PER MIL
LION BTU OF STEAM"

64 "NA" "SIR (SAVINGS/INVES
TMENT) AT EQUAL ANN
UAL STEAM PRODUCTIO

D-10 2
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1

4 5 6
65 R98C12 "TOTAL O&M COST PER

MILLION BTU OF STE
AM"

66 "NA." "O&M COSTS FOR PULV

ERIZER IF NOT RDF B .-.

UT COAL USED AS ASF

67 "NA" "TOMS PER YEAR RDF
REQUIRED"

68 "NA" "Avoided disposal c
oat"

69 "NA" "SIR w/disposal cre
dit"

70
71

" 72
73

* 74
75
76
77
78
79
8081 "

82
83
84
85
86
87
88

* 89
90 "

91
9 2 "'''"

93
94

, 95 -'.9

96%97 
* '-

98
99

.* 100
101

* 102
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7 a 9
22

23

24

* 25

26 1

27

28

29 -

30-

* 31

32

33 p

34 l

35

36 . ,

37 ~4

38

39

40* 5~*

421,

43
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7 89
44

45
46

47

* ~48 **~

* 49
* 50

51

52

* 53

54

55

56

57d

58

e59 *

60

61

62

63

64
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67
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10 11 12
1 LWORK2 xferdat5]

2 EWORK2 xferdat5J

3 [WORK2 xfordat53

4 CWORK2 xfordat53
5 EWORK2 xfordat53

*6 EWORK2 xfordat5J

7 EWORK2 xfordat5]

9 CWORK2 xfordat5J

9 (WORK2 xfordat5J

10 CWORJC2 xfordat53

11 EWORK2 xfordat53

*12 EWORK2 xfordet5J

*13 EWORK2 xfordat5]

14EOR2Aore~

15 CWORK2 xfordat53

15 EWORK2 xfordat5J

*i 16 WORK2 xfordet5J -

19 EWORK2 xfordat5J

20 CWORK2 xfordat5J

21 [WORK2 xferdet5]

D-108



10 11 12
22 [WORK2 xfordet5J

23 [WORK2 ,fordat53

V 24 [WORK2 ,cfordet5]

25 [WORK2 xferdat5J

*26 EWORK2 xferdat5]

27 LWORK2 xfordat5J

28 [WORK2 xferdet5]

*29 [WORK2 ,cfardat5J

30 [WORK2 xfordat5J

31 EWORK2 xferdat5j

32 [W0RK2 ,ferdat5J

33 EWORK2 xferdat53

34 [WORK2 xferdat5l

4.35 
EWORK2 xferdat5l

36 CWORK2 xferdat5l

37 EWORK2 xferdst5j

38 [WORK2 xferdat5)

39 (WORK2 xferdat5j

40 (WORK2 xferdet5l *

41 [WORK2 xferdatSJ

42 [WORK2 xferdat5i

43 (WORK2 xfordet5J

D-109 .
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10 11 1
44 CWORK2 xfordet5J

45 (WORK2 xfordat53
46 EWORK2 xfordat53

47 EWORK2 xferdat53

48 (WORK2 xfordat5J

49 EWORK2 xfordat5]
50 EWORK2 xfordat5J

51 [WORK2 xfordat5l

52~ FWR2xfra5

52 EWORK2 xfordat5J

53 (WORK2 xferdat53

54 EWORK2 xferdat5J

55 CWORK2 xferdat5J

56 (WORK2 xferdet5J

58 EWORK2 xierdat5J

61 [WORK2 xferdat53

62 IWORK2 xferdat53 N

63 (WORK2 xfordat5] F

64 IWORA2 xfordat5J

D-110



10 11 12

65 CWORK2 xferdat5J

66 (WORK2 xferdat5J

67 IWORK2 xierdat5J

68 IWORK2 xferdat5J

69 IWORK2 xfordat53

70 EWORK2 xferdet5J
71 (WORK2 xferdat5J
72 IWORK2 xfordat5j
73 IWORK2 xferdat5J
74 (WORK2 xferdat5J
75 EWORK2 xfordat53
76 [WORK2 xferdat5l
77 (WORK2 xferdat5J
78 EWORK2 xfordat5J
79 EWORK2 xfordat5J
80 EWORK2 xferdat5]
81 (WORK2 xferdat5J
82 [WORK2 xferdat5]
83 IWORK2 xfordat5J
84 IWORK2 xfordat5J
85 EWORK2 xferdat5J
86 (WORK2 xferdat5J
87 tWORK2 xfordat5J
88 EWORK2 xferdat5J
89 IWORK2 xierdet5J
90 (WORK2 xferdat53
91 (WORK2 xferdat53
92 IWORK2 xferdet53
9:3 [WORK2 xferdet53
94 CWORK2 xfordat53
95 EWORK2 xferdat5]
96 EWORK2 xferdat5J
97 EWORK2 xferdat5J *

98 (WORK2 xferdat5]
99 (WORK2 xferdat5J
100 EWORK2 xfordat53
101 [WORK2 xferdat5J
102 EWORK2 xfordat5j

D-1 11
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COMPLETE OPERATIONAL AND ECONOMIC DATA OUTPUTS

FOR THE SENSITIVITY AND BEST CASE ANALYSIS
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